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(54) METHOD FOR PRODUCING GRANULATED MATERIAL 

(57) The invention provides a method of making a 
novel spherical form of granulated products that can be 
effectively used in various product forms in drug, ferti- 
lizer, fockjstuff. feed, agricultural chemical, catalyst, 
ceramics, powder metallurgyr'detergent. plastic, and 
bio-material fields, for instance. ^s catalystsV lightweight 
materials, sound-insulating materials, microcapsules, 
ahd lightweight aggregates. To obtain a granulated 
product comprising a spherical solid shell and having a 
spherical space therein, a polymer having high water 
' absorption properties is swollen by the absorption of ^ 
^^^y^^^Qp^gren. and then brou^^ . J 

' ■ ' ' to 'fomi a powder layer ail ov^^ 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to. a 
' method of making a novrei granulated product, and more 
particularly to a method of making a granulated product 
comprising a spheripal shell and having a spherical 
space within it. More preferably, the present invention 
relates to a method of making a novel granulated 
ceramic product, especially. a granulated ceramic prod-. 
• net comprising a spherical shell and -having a spherical 
. (Hollow) space within It. In the present disctosure. It- is 
understo* that by the term "granulated product" are 
intendecl^various forms of products inclusive of gran- 
ules, particles, tablets, pellets, clinkers, spheres, cubes, 
and beads. 

[0002] So far, granulated products have applications 
in a wide range of industrial fields concerning pharma- 
ceutics, fertilizers, foodstuffs, feeds, agriculture, cata- 
lysts, coloring materials, ceramics, powder metallurgy, 
detergents, cosmetics, plastics, and biotechnology. 
[0003] Such granulated products have been manufac- 
tured by various methods such as tumbling granulation, 
compression granulation, agitation granulation, extru- 
sion granulation, crushing granulation, fluidized bed 
granulation, melt cooling granulation, spray drying^gran- ~ 
ulation. liquid phase granulation, vacuum freeze granu- 
lation, and in-liquid granulation. 
[0004] With these granulation techniques, however, it 
is not easy to obtain granulated hollow products; only 
limited types of hollow products produced by dedicated 
granulation techniques represented by spray drying 
granulation are now available. 

[0005] A primary object of the present invention is to 
provide a granulated product-making method that ena- . 
bles a hollow product having any desired, easily control- 
laWe particle size to t>e easily produced: 

SUMMARY OF THE INVENTION 

[0006] Such an object is achievable by the inventions 
defined below as (1) to (86). ^ ■ . . >r 



:A- method^ of making- a granioteted product' corns? 45 
pcisiog a spherical solid shell aad having a spher^?<.r - 
-^-^space ^therein, characterized by ak\owmg:,et r^ . 
polymer particle having high water absorption prop- 
erties to be swollen by absorption of water thereini? .^ 
and bringing^e waterrswollen poiymer particle into, iso . 
contact with-a powder to iorm 'a powder layer all 
over the surface of the water-swollen polymer parti- 
.cte;1oliowed:i5y drying. ' . y 'vv. -i^ ^.^ 

j^^?A granulated product^maWag/methodas recited 
in (1). wherein said powder is*:an organic;material. ss 
'-(^>A granulated product-making method as^recited* . 
irt?4*).Aftrherein said powder is an inorganiamaterM . 
(4) A granulated product^making method as recited- 
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in any one of (1) to (3). wherein said powder con- 
tains a binder. 

(5) A granulated product-making method as recited 
in (3) or (4). wherein said inorganic material is a 
ceramic raw material. 

(6) A method of making a granulated product com- 
prising a spherical ceramic shell and having a 
spherical space therein, characterized by allowing 
a polymer particle having high water absorption 
properties to be swollen by absorption of water 
•tlierein. and bringing the: water-swollen polymer 
partiete into contact with a ceramic: law material 
powder to form a cerami^raw material powder layer 
all over the surface of the' iwater-swollen polymer 
particle, followed by drying, and firing. 

(7) A granulated product-making method as recited 
in any one of (1) to (6). wherein said drying is car- 
ried out by dielectric heating in a high-frequency 
dielectric heating system. 

(8) A granulated ceramic product-making method 
as recited in (6). wherein said drying and said firing 
are carried out by dielectric heating in a high-fre- 
quency dielectric heating system. 

(9) A granulated product-making method, charac- 
terized in that the granulated product obtained by 
the method recited in any one of (1) to (8) is 
immersed in a liquid to impr^nate the.shell of said 
granulated product wrih said liquid. ^ 

(10) A granulated product-making method as 
recited in (9). wherein said liquid is a metal salt 
solution. 

(11) A granulated product-making method, charac- 
terized in tiiat the granulated product obtained by 
the method recited in any one of (1) to (8) is 
immersed in a suspension of finely cfivkjed solid 
powder, and dried to ricorpwate the finely divided 
solid powder into the shell of said granulated prod- 
uct. 

(12) A granulated product-making method, charac- 
terized in that the granulated product obtained by 
the method recited in any one of (1) to (11) is 
immersed in a liquid to oeclude said liquid in the 
spherical space in said granulated product. / 

(13) A granulated product-making method, charac- 
terized in that the granulatedr prodtist obtained, by 
the method recited in ariy:-!0tie pfe (1) to <41l,>\is 
placed fn a gas to-occiixle:«aid:gasartlhe sp^ica! 
space in said^ranulated prodocfe rv?: ' vr^ 

(14) A granulated product-iiiaking metho<* . as 
recited in any one of (1) to ff3), wherein said'poly- 
mer having High vmter ab^jrption prcperties^s s 
spherical powd6r having a partidetsize of G.©2.:to 

(15) -A spanulated produdtsmkingr method;: as 
recited in any one of (1) to (13). wherein said pcrfy- 
:mer,.having high water absorption qarapertiesrisia 
small sphere havmg a particte; diameter of O-^^^to^ 
60.0mm. . , . , v; - 
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(16) A granulated product-making method as 
recited in any one of (1) to (15), wherein a ratio of 
the polymer having high water absorption proper- 

• • ties to the water is 1 :50 to 1 :500. 

(17) A granulated product-making method as- 
recited in any one of (5) to (16). wherein said 
ceramic raw material or ceramic is at least one 
member selected from the group consisting of clay,- 
a clay mineral, chamotte. silica sand, steatite, feld- 
spar, alumina; magnesia, mullite, zirconia. silica, 
'cordieriteV'^ terfite; -apatrte. blast-furnacS''' slag,-'- 
'shirasti; fly alh. silicon carbldeT aluminum nitride," 
and silicon nitride. ^. 

(18) " A " granulated product-rriaking 'riietHod "as 
recited in any one of (5) to (16). wherein said" 
ceramic raw material or ceramic is a mixture of a 
binder and at least one member selected from the 
group consisting of clay, a day mineral, chamotte. 
silica sand, steatite, feldspar, alumina, magnesia, 
mullite. zirconia. silica, cordierite. ferrite. apatite, 
blast-furnace siag. shtrasu, fly ash. silicon carbide, 
aluminum nitride, and silicon nitride. 

(19) A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- 
der is a pharmaceutical material. 

(20) A granulated product-making method as 
recited ih^ any one of (1) to (18). wherein said pbw-" 
der is a fertilizer material. ' • " ' 

(21) A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- 
der is a foodstuff material. 

(22) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a cement material. 

(23) A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- 
der is a feed material. 

(24) -A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- 
der is a coloring material. 

(25) 'A granulated product-making method as 

• ' recited in any one of (1) to (18). ^wherein said pow- 
''der-^ a m'aterial for agricultural chemicals. 

(26) A granulated -product-making method as 



IS 



2C 



25 



30 



40 



(31) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a muHi-capsulated material. 

(32) A ^granulated product-making' method as 
recited in any one of (1) to (18). wherein said pow- 
der is a cermet material. 

(33) A granulated product-making "method as 
recited in any one of (1) to (18). wherein said pow- : 
der is a paint coating material. — — - - 

(34) A granulated product-niaking.. method as 
'feotedin'-any one 'of (1) to (18); wherein -said pow^ 
* der is a filtering rriaterial^' - -r'}^^" t^i\> 

(35) ' A- graiiUteted ' prcjduct-makihg:^ method as 
recited Ih ariy one bf (1)^tb (18); whei'fein said pow- 
der is a heat-insulating material. ^ - ' ^ 

(36) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a sound-absorbing material. 

(37) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is an electric wave-absorbing material. 

(38) A granulated product-ntaking method as 
recited in any one of (1) to (18). wherein said pow- 
der is a light-absorbing material. 

(39) A granulated product-making method as 
recited in any one of (1) to (18)i wherein said pow- 
der is a reflecting material. * " v^^:^ v i 

(40) A ' granulated product-making^* method as 
redted in any one of (1) to (18). wherein said pow- 
der is a signposting material. 

(41) A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- 
der is a ball bearing material. 

(42) A granulated product-making method as - 
recited in any one of (1) to (18). wherein said pow- 
der is a t)io-reactormateriaL. - 

(43) A vgranulated product-making -method as 
recited in any one of (1) to (T8), wherein said pow- 
der is a far infrared ray-radiating material. 

(44) A granulated product-making- method as 
recited in any one of'(1) to (18); wherein said pow- 
der i s anfelectric heating rtiateriali 

(45) ' A granulateef :*prdductTOaking * method^ as- 
recited in any one of (1) to (18). wherein said pow- 



vtri^ited in'^any bne bf (1).^ (18)i.^WherSiri-i&^ vi- ^'^^ ^ 

^•fBef% a ccferngtic ^^-'^S^^ prbd&c^^kinQ^nr^^^ 

'^\(^7p^fii. gmniiiated:- proauct-'itiaWn(g.^^nie^^^ 



^''YTCltldin'any^drie'ii^ 

-^der fe^an enzyme<;bntainirig. materialt U' ^ * Wif^'i K - - ' ^ ^* 
* '{2Sp A' grahuiated -'prdduist^TTaJQng'Tm'ethbd^^^^ 
•Weeited in knylofie of (1) to (tS), wfierein said powr- 
' dirfe a siirfactarrt'rhaferi^l:'^'-'^ "^''--ir- 

" ^'(29)7 A - graiiulat^ prbduct-maidri 

f&ifed in iahy^orte of (1) to (18);^wtiereih said'pbw-' C^^^ 

' der K a semicdhductor rnaterialii'^'^'^^^ 
(36)^- A gratnutated product-makirig^meth6d''^as 

' -feGitkl in any one of (1) to (18)^'^whereiri^sffld•p(3w-' 
"deris.a metal material! • . « -t-y 



55^ 



^-^deii^isfdrratdristl fcr:l>all''^aI^iesr^fe^^^.^^ 
v (47).^" A ^ granulated " prbdiict-making metiibdi^ as- 
^ reicited in any one 'of (Dito^t/IS); wherein said ^iibwr : 
derisade-humidifyirig'iTrtaterfal. " : ' ; - 

.r/.-(48)rr A granulated ^/prbduct^^riakihg :^?me^ 
- - -redted 4n any orie-of (1) to '('t8) v wherein said.pbw- 
c • :der is^'fuiflT^ace nriateri^ vii^Ci-.i^^tfftcr^i^ 
' - (49)vfA granulated^ product-making ' meth(^ 
'•irecited in any one t>f (i) fo (18). wh&etn saHd pGWr ^ 
'^der is'a nraterial for engine' room walli'»'r^^ ^r' - - 
(50) A granulated ' produEl-fTiakirig-- method^'ras 
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recited in any one of (1) to (18), wherein said pow- 
der is a material for gas turbine room walls. 

(51) A granulated product-making method as 
recited'in any one of (1) to (18), wherein said pow- 
der is a lining material. - 5 • 

(52) A granulated product-making method as - 
recited in any one of (1) to (18). wherein said pow- 
der is a material for vent holes. 

' (53) A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- . 10 
der is -a soil material. : - - - - • -v. - 

(54) A granulated produd-maWng method^ as - 
recited in aviy one of (1) to (18), wherein said pow- 
der is l^ bi'o-rtiatenai or a bio-ceramic material. ' ' * 

(55) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a material for slopes. 

(56) A granulated product-making method as 
recited In any one of (1) to (18). wherein said pow- 
der is an apatite material. 

(57) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a material having delayed action. 

(58) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a plastic material. 

(59) A ^ranulat^d product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a photosensitive material. 

(60) A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- 
der is a hydrogen occluding material. 

(61) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a material for musical instruments: 

' (62) A ' granulated product-making method as 
recited in any one of (1) to (18), wherein said'pow- 
der is an acoustic or speaker material. 
(63) A granulated product-making method as 
recited In any one of (1) to (18), wherein said pow- 
der is an ozone-decomposing material. 
.*(64) A granulated product-making method as 
fecited in any one of (1) to (18). wherein said' pow-- 
der is a porcelain enamel material. 
: ^<te) A granulated^ pro^ method as 

'-rkjitediin'an oner of (1) td^('t8); whiHSise sad pow^' 
- *»:aer is^^Qlazirig mafferial. ' ^v. .^^I'^v' • -- ^ -v-. 
t^es) At^^ igmrtulated prodaa-irfaWh^ Itigthod as 
^^• recrted4h any oneof (1) to{1iB). wherein said po*v- 
' ^t?der is'^. aerospace > - ^ .i 

(67) A grartuSated product-making " method "'as 
^^?^fe»tedilr^on#df (1) td^flB). wheraft sard^pbw- 
•^^6ris tfjmiterial for sdar fumaces. *■ s - v . : - 
: A^-j^granulat&t r^product-making^^ rtiethSS^ *bs 

*^^#ecited'in any one of (1) t0'(18). whelrein said^ficw- ss 
^^d^ is ah artifid^l defrital material. . . . * . c 

"^fesy 'A V granulidted product-making -method as > 
* *"f«ited in iany one of (1) to (18). wherein said pbw- * "'■ 
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der is a tile material. 

(70) A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- 
der is a pigment material. 

(71) A granulated product-making method as 
recited in any one of (1) to (18), wherein said pow- 
der is a filler material. 

(72) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a main adhesive component material. 

(73) A granulated product-mai^fig method as 
recited in any one of (t)' to (18), wherein said pow- 
der is an ultrafine particle matei^al. 

- (74) A granulated product-maWng method as 
recited in arty one of (1) to (18). wherein said pow- 
der is a permanent magnet material. 

(75) A granulated product-making method as 
recited in any one of (1) to (18). wherein said pow- 
der is a shape-memory material. 

(76) A method of making an agglomerate compris- 
ing a multiplicity of granulated products that are 
agglomerated and bound together, characterized In 
that a multiplicity of discrete granulated products 
obtained by the method redted in any one of (1) to 
(75) are agglomerated and bound together into an 
agglomerate. 

(77) A method of making a sintered agglomerate, 
characterized in that a multiplicity of discrete granu- 
lated products obtained by the method recited in 
any one of (1) to (75) are sintered into a sintered 
agglomerate. 

(78) A granulated product-making method as 
recited In any one of (1) to (18). wherein a plurality 
of different layers are coated on a granulated prod- 
uct to obtain a granulated product comprising a 
spherical, multilayered solid shell. 

(79) An agglomerate-making method, character- 
ized in that a multiplicity of discrete granulated 
products as recited in (78) are agglomerated and 
t)ound together into an agglomerate. 

(80) A sintered agglomerate-making method, char- 
acterized in that a multiplicity of discrete granulated 
products as recited" in- (78) are agglomerated' and 
bound together into a sintered agglomerate. 

(81) ' A: granulated prodLk>t-making 'nieti^ : as 
-recitedin (1) to (80), wherein ^aSd'^nulat^ prod^ 
'tictis lat least onfe memtje'r i^elected f rom.tiie group ; 

consiistihg of (i) aE pharmaceuticatl^bstane^. (2) a 
fertilizer; (3) fooc^tufff (4)'icfem^r<5) fe«2l; -(6) a 
isoloring materiaJ;vi(7) agrictilturat-Ghemtc^^ XB) a 
cosmetic materia!. (9) an 6n2yme-ccntainin5jr_2*e-. 
fiaircioy-a surfactant. (11) a? sertticonductop/|^2) a- 
metal. (13) a malti-capdalated structijre;^(<t4) cer- 
met. <t5) a paint coatii^a niateirialV (16) ^^a^^ 
material. (17) a heatHn^ating.^tnaterial. (t8) a 
• soUnd'absorbing material; {19)i iari eledric wave- 
dbsorbing material/ (20) a light-ab^ii^ingVi^^ 
(21) a reflecting material; (22) a signposting tnaie-. 
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granulated prcxiuct comprising a spherical solid 
shell that is formed by binding said different pow- 
ders together arKj has a spherical space therein. 

(86) A granulated product-nriskihg method as 
recited 1n any one of (1) to (85), characterized by 
depositing a binder on a surface of a polyrher parti- 
cle* having high vvater absorption properties, said 
polymer partide being swollen by absorption of 
water therein, and depositing a powder dh a surface 
of said binder, followed by drying; thereby obtaining 
a granulated prodiicf comprising a spherical sblid 
shell and having a ispherical s|:>ace ther^lir^ * 

(87) A granulated "piHxjuct-mMkjhg'rwef^^ as 
recited in any bhe of (1) fb (85),*chafact6fi2ed by 
depositing a binder on a surface of a polymer parti- 
cle having high water absorption properties, said 
polymer partide being swollen by absorption of 
water therein, and depositing a powder on a surface 
of said binder, followed by drying and firing, thereby 
obtaining a granulated product comprising a spher- 
ical solid shell and having a spherical space 
therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention will be further described 
in conjunction with the accompanying drawings, in 
which: 



rial. (23) a ball bearing, (24) a bio-reactor, (25) a far 
infrared ray-radiating material. (26) an electric heat- 
ing material. (27) a light-weight aggregate. (28) a 
material for ball games. (29) a dehumidifying rnate- 

• rial. (30) a furnace material, (31) a- material for. 5 
engine-room walls. (32) a material for gas turbine 
room walls. (33) a lining material. (34) a material for 
vent holes, (35) a soil material. (36) a bio-material 

• or bio-ceramics, (37) a material for slopes, (38) an ' 
apatite material, (39) a material having delayed 10 

• action, (40) a plastic material. (41) a photosensitive. . v 

- material. (42) an hydrogen- occluding material ,^(43) 
a material for musical instruments, (44) an acoustic - :> 

^ material; (45) an ozone-decomposing material; (46) ' "-^ 
a porcelain enamel material. (47) a glazing mate- ^ rs 
rial. (48) an aerospace material, (49) a solar fur- 
nace material. (50) an artifidal dental material, (51) 
a tile material, (52) a pigment. (53) a filler material. 
(54) a main adhesive conponent material. (55) an 
ultra! ine particle material. (56) a permanent magnet 20 
material, and (57) a shape-memory material. 

(82) A method of making a granulated product as 
recited in any one of (1) to (81), characterized by 
allowing a polymer particle having high water 
absorption properties to be swollen by absorption 25 
of water therein, depositing a first powder layer on a 
surface'of said polymer particle, depositing one or ' 
more powder layers on said first powder layer, and > 
drying a multilayered structure to obtain a granu- 
lated spherical product of the multilayered structure 30 
having a spherical space therein. 

(83) A method of making a granulated product as 
recited in any one of (1) to (81). characterized by 
allowing a polymer particle having high water 
absorption properties to be swollen by absorption 35 
of watertherein, depositing a first powder layer on a 

- surface of said polymer particle, depositing one or 
= more'pdwder layers on said first powder layer, and 
drying and firing a multilayered structure to obtain a 
granulated spherical product of the multilayered 40 
structure having a spherical space therein. 

;-1(84)' A^ granulated product-making method as 
riecited In (1) to (83).'characteriredl3y depositing a 
powder mixture comprising two or more different 
ii ipowders on a^surface of a polyrneriparticle'«hai5^ingy 
>ihigh>i^tler absorption propert 

■ >*tible' being: sv&olleri by absorptioh^of^water^^^ : aaDfe^glomeiraied- and^i- 

vf^llowdd by dr^ng; thei-eby ^obtaihing' a gnartulated -.^^^yi-KM^^-i^ 
^ prbducti'conrprising a spherical solidvshell that is vRgure 6 is ah enlarged schernatic ; illustrative pf^i' 
^fornied^y bindiirigf saki differentApcwWers^to^ structure shownkin .Fig: 5i~«/ vrK^ f.>?^V' 

land has a^herical space therei " 
(85) granulated^pitduct^rnafehg^m^ 
V#ecited ih:(1) td^ (83), cha racteri2ed:b^ 
' V :powder -rnixture comprising .twdi^ dfirrorea^differerrttv v .'i^ 
powders on a'surface of apolymer^'pcdiid^^^ ss '. 

* ^ high water absorption properties?-s^ pdymer par-^ * 
' tide beihg swollen by absorprtion -of '.wat^f therein; 
**^-MlGwed*by drying and f iring;*ther^; obtaining 'a^*^^— 



Figure 1 is a front schematic illustrative of one con- 
figuration of spherical granulated products obtained 
in the examples of the invention. 
Rgure 2 is a sectional schematic illustrative of one 
of spherical granulated products obtained ^in the^ 
examples of the invention. 

Figure 3 is a sectional schematic illustrative of one 
of agglomerates obtained in the exanples of the 
invention, wherein spherical * granulated products 
are bound together in point contacts vbith one 
another. . 

Figure 4 is a sectional schematic illustrative of one 
spherical granulated product having a dbubie-layer 
structure, as ^tainisdirrtheinventiorr;'' 
Figure 5 is a perspective schematic of an agglomer- 
'af^" and' bound strue^^ ih^vwhtch arJTMiJltiplicity of ^ 
^graniiilat^ci^pfoduc*^^ 



BEST MODE FOR CARRYrNG OUT TOE IN VENTION : : 
'[OOOS] • 'Acconii^^^ 

particle liavingF' highi \K«ter*i;atosoip4ion .prope - 
used; This polymer particle is swollen 'by.thet absorptiontu. 
of. water therein', arxJ then brdught^into: contact withaf : 
' powder to form a powvder layer- all ov^ the surface of the ^ 
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swollen polymer particle, followed by drying. In this way, 
a granulated hollow product having any desired particle 
size, i.e., a granulated product comprising a spherical 
solid shell and having a spherical space therein: can be 
easily obtained. ... 5 

[0009] In the practice of the invention, the polymer • 
having high water absorption properties is preferat>ly in 
a particulate form having a partide size of 0.02 to 3.0- 
mm. Upon immersed in water for water absorption and 
swelling, the polymer provides a small sphere that can io 
have a particle diameter of 0.1 to 60,0 mm, atid prefer- -r \- 
a1^ 'Q.2 to TO mm. Particle size s^aration may be car- ;.- 
ried out by -means of a JIS starvjard sieve, sio that the 'r 
size of the '^herical space surrounded by the spherical ■■ - 
solid shell -in the granulated product can be simply is 
adjusted as desired by the selective use of a polymer 
(having high water absorption properties) having an 
appropriate particle size. 

[0010] For the polymer having high water absorption 
properties, it is preferable to use a polymer having a so 
three-dimensional network structure having a slight 
degree of crosslinkage introduced into a water-soluble 
electrolyte polymer having an ionic group. For instance, 
it is preferable to use polyacryiic acid salt polymers, 
saponified vinyl acetate-acryiate copolymers, and . 25 
starch-acrylic acid graft polymers. More specifically, it is 
preferable to use hydrolyzates of starch-acryldnitrile 
graft copolymers, neutralized products of starch-acrylic 
acid graft copolymers, saponified products of acrylic 
ester-vinyl acetate copolymers, polyvinyl alcohols nr»od- 30 
ified by crosslinking. crosslinked products of partially 
neutralized polyacryiic acid salts, crosslinked isobuty- 
lene-maleic anhydride copolymers, crosslinked prod- 
ucts of maleic anhydride grafted polyvinyl akx)hols, arxJ 
ethylene-vinyl alcohol polymers. The polymer having 35 . 
high water absorption properties may have been uni- 
fonmly crosslinked. or crosslinked on its surface alone. 
Polymers having high water absorption properties, for 
instance, are disclosed in JP-B's 49-43395. 53-46199. 
55-21041, 53-13495, 55-19243 and 60-25045. and JP- 4C 
As 54-20093. 55-84304, 56-91837, 56-93716. 56- 
161408, 58-71907. 55-36504, 57-21405, 61 -8770£. 61- 
157513, 62-62807 and 2-49002. ExaBrnples of pfoc- ^ " 
essed polymers, are. on the other hand, disclosed in JP- 
A's 58-180^33, 58-W7222and^58-42502. - . 45 

[0011] -"411 the polymer (havir>g high^&ter absorption" j >. 
j^roperti^)^!^ollen:by thev^ibsorptioniDfe'wate&.ftier^in,*^*^ 
*ife ratio sot the polymer (having high water absaDrptibn . ./ ■ 
propertie6)^ to wat6r% preferably in therange^^^ v r 

f001?1^ The* polymer- partrd^ (having highr"v/ater 
'^feorpti6i#.propeFti^) swollen by T*fe' absorption of^^- . 
Water thai6in is brdfiight intb cdntacfwltil ttie powderto'^^ i^*-- 
iam a. powder layeaf^bn thesurfecerofdfifBpo^ 
clb (havii#high water absorption prcperlies). Tfois pcoc^ilc 55 
ess ma^1deneratiy:be carriisd out t3y tumbling the J - 
pblymen (having hrgh water absorption prcperfies) hav* - 
inig a suitaible size on the poWd^ spread over a^sheet to '-^ ^ 



cover the powder uniformly on the surface of the poly- 
mer having high water absorption properties. However, 
any process substantially equivalent to the. aforesaid 
process may be used without restriction. By the term- 
"any process substantially equivalent to the aforesaid 
-process" are intended processes that enable a powder 
layer to be formed on the surface of the polymer having 
high water absorption properties. The thickness of the 
powder layer may be determined depending on the type 
of powder used, and the properties required for the end 
granulated product. In this process, the povwder is usu- 
ally u^ed in arjf amount large enough to provide a suffi- 
cient cover on the surface of the polymer/having ^high 
water absorption properties. - r - 

[001 3] For drying, a suitat)le process may be selected 
from ordinary drying processes. However, it is prefera- 
tAe to use infrared rays, and microwaves. 
[0014] High-frequency dielectric heating is preferably 
carried out at a frequency of about 2,450 MHz and a 
power of 1 80 to 600 W for a dielectric heating time of 10 
minutes to 60 minutes. The high-frequency dielectric 
heating systems used include a batch system, a roller 
conveyor system, a reduced pressure drying system, 
and a high electric field wave guide type drying system. 
A typical high-frequency dieiect^ heating system is 
made and sold by Toshiba Mechatronics Go. Ltd., while 
a typical infrared drying/heating- system is made aind^ 
sold by Hitachi Ltd.. and Toshiba Corporation. 
[0015] More preferably, the spherical form of granu- 
lated hollow product dried by high-frequency dielectric 
heating is fired in a firing furnace into a sintered agglom- 
erate. Upon drying, the spherical form of granulated hol- 
low product may be further dried at low temperatures, 
dried at higher temperatures, fired at low temperatures,: 
or molten and fired at higher temperatures. 
[0016] The powder used herein may be an organic 
material and/or an inorganic material. The powder may 
additionally contain a binder. -The binder may be 
selected from those known in the art depending on the 
type of powder used, although not limited thereto. 
[0017] The ceramic raw material used herein is pref- 
erably a mixture of a binder and at least one member 
selected from the group consisting of clay, a clay nriin- 
eral, chamotte, silica sand, steatite, feldspar, alumina, 
magnesia, mullite. zirconia, siliiE»r cx^rdi^jte.' feriSiV 
apatite, blast-furnace slag*, sHirasu, fly ash, sjlrajhr c^r*- 
i>ide?iaiurrtirium nitride, and silicofii^i«tride;NAt^$t.of kn&y^ 
^r irnproved^ceramic raw materrat^ or/ceranucs may be- 
used although ndt limited thoreto^ - f ^ : c- % 
[0018] . The ceramic raw powd^ used has preferabLi^ a 
•parffdfe'sizie. of a4sw ^m to S3?serat hindred jim. but it is 
acd^table 1o use ah iiltraf ine^fornoiof Jiowder/* - . ,v: 
[O&t^]. It is also preferat)le to usfeaiiy of ceraiifiic raw: 
pbwder that can be sintered at higtt^temperatures. -Fon 
instance, a ceramic raw powder thiatcdn usually be sin- 
tered at 1;000 to 2.000*C is preferably useeL ' ^ t*^ 
[0020] : For the menriber or memi^rs Selected from the 
grbXiP'Consisting of (1) a pharmaceutical sub^ance^ (2)- 
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a fertilizer. (3) focxJstuff. (4) cement. (5) feed. (6) a color- 
ing material. (7) agricultural chemicals. (8) a cosmetic 
material. (9) an enzyme-containing material. (10) asur- 
■ factant. (1 1) a semjf onduclor. (12) a metal, (13) a multi- 

^ capsulated structure. (14) cermet, (15) a paint coating 5 
material. (16) a filtering material, (17) a heat-insulating 
material. (18) a sound-absorbing material. (19) an elec- 
tric wave-absortDing material. (20) a light-absorbing 
-material, (21) a reflecting material. (22) a signposting 
material, (23) a ball bearing. (24) a bio-reactor. (25) a far 10 

•:r, infrared ray-radiating material. (26) an electric heating . - 
v;:.material, ',(27) a light-weight .aggregate. (28) £materiah 

V for- ball -games, (29) a de-humidifying material. (30) a/.;/ 
furnace material, (31) a material for engine room waltSi- - 

. . (32) a material for gas turbine room walls. (33) a lining .75 
material, (34) a material for bent holes. (35) a soil mate- 
rial. (36) a bio-material or bio-ceramics. (37) a material 
for slopes, (38) an apatite material, (39) a material hav- . 
ing delayed action, (40) a plastic material. (41) a photo- 
sensitive material. (42) an hydrogen occluding material. 20 
(43) a material for musical instruments, (44) an acoustic 
. or speaker material. (45) an ozone-decomposing mate- 
rial. (46) a porcelain enamel material. (47) a glazing 
material. (48) an aerospace material. (49) a solar fur- 
nace material. (50) an artificial dental material, (51) a 
tile material, (52) a pigment, (53) a filler material, (54) a 
vimain adhesive. component. material. (55) an^uttrafine 
particle material, (56) a permanent magnet material, 
and (57) a shape-memory material, any of known or 
improved materials may be used although not limited 
thereto. 

[0021] By the term "pharmaceutical material or sub- 
stance" used herein are intended drugs for the central 
nervous system, drugs for allergic diseases (antihista- 
mine), drugs for the circulatory organs, drugs for the 
respiratory organs, drugs for the digestive organs, hor- 
mone agents, drugs for metabolic disaders. antitumor 
•■■ substances, antibiotic substances, chemotherapeutic 
agents, and narcotics. The drugs for the central nervous 
system, for instance, include general anesthetics, sopo- 40 
rifics/sedatives, antiepileptics. antipyretics/ seda- 
ftives/ahtiphtogistics.^. drugs for psychoneurosis.' drugs * 
■'for; thel'v peripheral trieTvous- systenr; • locaf anesthetics;; 
skeletal muscle relaxants, drugs for the autonomic nefv- 

^^iOous. system,' and spasmolytics. The drugs f6n:the:feirc£f=^ivi45. 

v;^-latory '6?gans. f6pinstahc^^ i cardiacs;Vdrugs ibr^' • 



25 



30 



35 



drugs (estrogen drugs, luteal hormone drugs, etc.)- The 
drugs for metabolic disorders, for instance, include vita- 
min drugs, drugs for bloods and body fluids, and drugs 

- for treating gout and diabetes. The. antibiotic drugs, -for 
instance, include penicillin, cephalosporin, aminoglyco- 
sides, macrolides, tetracyclines^' chloranphenicols, : 
antimycotic antitxotics. and antitumor antibiotics. The 
chemotherapeutic agents, for .instance.- include sulfa 
agents, tuberculostatSi and virucides. 
[0022] By the tenm "fertilizer" used herein are intended 
potash fertilizers -(for ' instance.-^shaturally^ occurring 
potassium salts or potaissium dPe^,^potassitKn chloride; 
and potassium sulfate).-lime^ fertilizers, nliagnesia^ferti- 

^'"lizers. magnesia lime feTtillzersr, 'liFhe^ silicaite f eliiiizers, 
calcium silicate fertilizers.- >nitrogenv: fertilizers > (e.g.. 
amnrKDnia fertilizers such as ammonium chloride, 
ammonium sulfate, ammonium nitrate, and ammonium 
carbonate, sodium nitrate, lime nitrate, potassium 
nitrate, and lime nitrogen), urea-fertilizers (e.g., nitrogen 
fertilizers having delayed action such as urea, urea- 
form, isobutylidenediurea, crotonylidene-diurea, urea-2. 
glycolurea (acetyl eneurea). guanylurea, oxamide. difur- 
furylidenetriurea, and triazine, and nitric acid compound 
inhibitors such as thiourea, and dicyanamide). phos- 
phatic fertilizers (e.g.. superphosphate of lime, super- 
phosphate of magnesia, double superphosphate of 
lime, precipitated phosphate of lime, by-produced phos- 
phate fertilizer, fused phosphate feiiiiizers such as 
fused phosphate of magnesia, calcined phosphate ferti- 
lizers such as defluorinated calcined tricalcium phos- 
phate, and Thomas phosphatic fertilizer), organic 
fertilizers (e.g., fish lees powders, bone powders, and 
vegetable oil lees powders), lime fertilizers (e;.g.. cal- 
cium carbonate, slaked lime, and quick lime), silicate 
fertilizers (e.g.. stags such as calcium silicate fertilizer), 
magnesia fertilizers (e.g.. magnesium sulfate, and mag- 
nesium hydroxide), manganese fertilizers (e.g.. manga- 
nese sulfate), compound fertilizers (e.g., mixed 
fertilizers such as normal mixed fertilizer, urea-mixed 
fertilizer, and basic mixed fertilizer, and conpound ferti- 
lizers such as k3w-grade compound fertilize, and high- 

. grade compound fertilizer),\trace. element-'mixed ferti- 
lizer;- fertilizers: cc3Titaihing''agricuitural • Ghenriicalsr *arKj* 
other substances, and fertilizers containing soil improv- 

> i[0023]'-^: !«5;^;By :the itermv^^^fetl ^ u sedv^tiereimif are 



^<^^^iarrtiythrhia;^^diuretic^i >hy^ 

^ > -<v.{hypertensive) drugs. angiocfilataldril^sSf'drugs'^fbri^^ > sweeteners. oiteand»1ats;*beails^^ 



osclerosis. and brain metabolism irnproversrTfiiB drug1^ ' * 
^foi^ the respiratory- organs;; for ins^ce. ihdude coLigh'.. 
remedies, sputuni' removers, ajirfbronchpdilatofs. The 
^arugs for .the drg'estive drg*ts. fbh instance.- inciude 
'^^Jdrugs fbr^pejatic ulcers, digestives. 'antiadds.cholagogs.-' 
iWdnjgs fdr^^intestirial'disorders. and antemetics: The hor- 
* "^mone drugs, for instance^, include pituitary body hdr- 
' =»'mone drugs, thyroid hormones, antithyroid drugs;- 
^^"pfotein assimilation steroid drugs, adrenal cdrticaf hdr^ 
...mone drugs, androgen drugs, and -female sex honttohe 



avofr^ahirnals. birds^nd whaleskeggs. vegetablesi fruits, 
sd Vf rhujshfoorns,' seaweed, and table^luxuries.rThe oils and 
fats are. brok&i down into vegetable-oiis^dhd- fats; and 
%'.;^^"s?animahoilstand lats.*^.the fonneVihcluding soybean oil;^ 
•^V>rra[pe seed oil, rice bil^ oil;^esame oil., stair- 

; .Cv*,f Idweir oiCrnu^rdToil^tconv^oiE^ 
55 .; palm oO;vand peanut oil. and the latter^ inciuding.-those 
-y *vobtainable' from-vcattle. -smne-and^don^^ 

r &eaniSTobtainable f rom mSk and goat milK:herrihgroil; 
- sardine oil. mackerel oil. mackerel pike oil/ and whale 
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Oil. 

[0024] Saccharides such as sugar Includes naturally 
occurring sweeteners such as sucrose, glucose,, fruc- 
tose, maltose, lactose and honey, starch syrup, powder 
wheat gluten, purified glucose, industrialfy obtainable 
starch sugars such as isomerized sugar,: and sugar- 
alcohols such as mannitol. 

[0025] The starches, for instance, include those 
obtainable from corns, potatoes, sugarcanes. cassava, 
wheat and sago palm, dextrin, denatured starch, amy- 
lose, pectin, esterified starch, etherified. starch, 
crosslinked starch, and a-starch. . ^7 , 

[0026] The foodstuffs, fcr instance, include amino 
acid, peptide, proteinr*nucleic acids, protein hydro- 
lyzates, savory peptide, bitter peptide, weet peptide, 
spice, organic adds, vegetable colors, animal colors, 
and synthetic colors as well as food additives such as 
flavorings, sweeteners, perfumes, coloring matters, oxi- 
dation preventives, coloring preventives, emulsifiers, 
adhesive pastes, preservatives, and bleachers. 
[0027] The cements, for Instance, include self-harden- 
ing cements, potentially hydraulic cements, blended 
cements, polymer cements, and resin cements. The 
self-hardening cements, for instance, include Portland 
cements such as normal porttand cement, high early 
strength portland cement, super high early strength 
Portland cement, moderate heat portland cemeni, sul- 
fate . resistive portland cement, and white portland 
cement, alumina cements, fast-hardening high strength 
cement, expansive cement, acidic phosphate cement, 
colloid cement, and calcined gypsum. The potentially 
hydraulic cements, for instance, include lime slag 
cement, portland blast-furnace cement, high sulfate 
slag canent. and Keen's cement. The blended 
cements, for instance, include lime silica cement, silica 
cement, iime silicate blended cement sodium or potas- 
sium silicate cement, water glass, oxychloride cement, 
and phosphate cement. 

[0028] The cements may further contain various 
admixtures such as air-entraining agents, water-reduc- 
tion promoters, water-reduction delaying agent, water 
reducers soch as air-entraining, water reducers, high- 
performance water- reducers, delaying agents, promptv 
ers, fast-hardening agents, waterproofing agents, foam- 

■ ing agents, defoaming agents, jvfiscosrty nl^crea^ecs;:. 
water-retaining agents, rust preverj^es, hydration Jieat , 
reducers, and ^Mrtacec3ctive agents, l^b^^delayiiirg'^ 
agents; for inss^nce. include sa.eetiarides,.4SxyQeirt>oxy.r j 
lates. polyhydfoxy compounds, lignin sulfonates, ar)d - 
silicoiltrdrides. ' - ' -"s ic . 3^ - 

[00291 ' The^ polymer cements, ior instance, include 
rubber^fatex (styrene-bu1adiene.:rabber) cenrtent, thm-^- 

* moplastic resin emulsion (eth^lene-viny^ acetat^) « 
;.- cement. and ;^cryUc (pplyacryllci ester) rGement. rthe:. 
resin cements? ^for instance, inctyde those-.^omprJsjng v 

. thermosetting unsaturated polyester resin^ epoxy resin, . 
furan resin, urethane je^in. acrylic ester;* and metb-^ 

- acrylic ester j. 



[0030] By the term "feed" used herein are intended 
feeds for livestock, feeds for pets (e.g.. dogs, cats, 
aquarium fishes, small birds, racing horses, and ani- 
mals at zoos), and those for fish breeding. The raw 

5 materials for such feeds are those of vegetable, origirw 
. such as cereals, beans, potatoes, oil cakes, nee bran, 
and oil cake products, those of animal origin such as 
fish meal, white fish meal, fish solubles, meat powders, 
bone powders, feather meal, serlcultural oil cakes, skim 

10 milK dry whey, and animal oils and fats, brewer's yeast, 
toruta yeast, screening pellets, alfalfa meal, qr^ge 
peel, calcium carb9nate, sodium chloride, dicalcium 
. . ortho-phosphate, and tricatelum ortho-phosphat^, 
[0031 ] The feeds may further contain various vitamin - 

IS preparations, various arrnno acids, minerals, antibiotic 
substances, antibacterial substances, enzymes, mold 
preventives, antioxidants, pigment-reinforcing agents, 
sweeteners, perfumes, arKJ hormones. 
[0032] The term "^eed" used herein is also understood 

20 to refer to blended feeds for domestic fowls (e.g. , chicks, 
broilers, grown chickens, and capons), feeds for swine 
(e.g., young pigs, porkers, and boars), feeds for cattle 
(e.g., feeds for breeding dairy cows, calves, and beef 
cattle), feeds for turkeys, feeds for quails, feeds for 

25 breeding fishes such as eels, carps, sweetfishes. red 
sea breams, and young yeOov\rtails. and feeds for breed- 
ing experimental animals. . ■ 
[0033] By the term "agricultural chemicals'* used 
herein are interxled bactericides, insecticides, a com- 

30 bined bactericide and insecticide, rodentiddes. hertM- 
cides, plant growth regulators, attracting agents, 
repellents, chemically abortive agents, and auxiliary 
agents. 

[0034] By the term "agricultural chemicals" are also 
35 intended inorganic compounds such as copper com- 
pound^ mercury compounds, zinc compounds, iron 
compounds, sulfur compounds, arsenic compourxte, 
fluorine compounds, phosphorus compounds, chlorine 
compounds, calcium compounds, and alkali com- 
40 pounds; organic compouixls such as nicotine com- 
pounds, pyrethrin compounds, rotenone compounds, 
machine oil conrpounds, organic sultMr compounds. 
. , organic mercury compounds, organic chlorine com- 
pounds, organic phospfiorus compounds, organic 
.■4^^ arsenic : compounds, nitro base cpri3ppurKjs,-p^ 
V ••''*bfse .cocnpoinds, .ti'iazine ba^e compgiunds, qulrx>ne 
: ri;i)ase.coiTipounds,and,aritibiotj.es^ 

, orgariismS: and toxins produced;.4herefrppi ^ -rrj^ ji; ^ 
[0035] The insecticides, for instance, vincludle qrganic 
so phosphocijs base insecticides such a^.#yrethriris {natu- 
rally occun-ixig pyrethrin. synthetic pyrelhroid and its 
M ?derivatives). roteriones, rricptiriev nc^^i^ 
V i.toxin (sic), paralhion* .malathipn. diazinon, trichtorfor^ 
. sJC^sic). phenthrotiiion (sic);TEPR acefajtjt^Xsi^ 
55:Kfos (sic), salythion (sic). cScJilprbos (sic), fention (sic). 
fenthoate<sic). methidathkm <sicK EPN. <Ssulfcrtc>o (sac), 
/and methyl parathlon; cart^amate; base^ inseoticjdes 
vsuch as MIPC. MTMC. MPMC, cait>aryl (sic), BPMC. 
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and propoxer (sic); organic chlorine base insecticides 
such as DDT. BHC. aldrin. dieldrin, heptachlor. endrin 
and chlordane; tick killers represented by dinltrophenol 
base tick killers, and chlorophenyl base tick killers (e.g.. 
chlorobenzilate. CPCBS. dichohol (sic). and 
bromopylate (sic); other tick killers;.arsenic compounds; 
and neniatocides. 

[CX)36] The bactericides, for instance, include antibi- 

' otic substances, heavy metal base bactericides (e.g., 
copper-containing compounds such as bordeaux mix- 

^ tures. "organic -mercury compounds, 'organic tin com- ■ 
pounds; arxj organic arsenic comp6unds). sulfur base' 
• • • bactiBricides"(e.g':, inorganic sulfur compounds, dithlo- 
carbamate base bactericides. and organic arsenic com- 
pounds), organic phosphorus base bactericides, 
aromatic bactericides (e.g., PGP. DOC. PCNB, Dichlone 
and TPN), and heterocyclic compound bactericides 
(eg., captan, triazine, quinomethionate (sic), benomyl 
(sic), phthalide, phenazine, and hydroxyisooxazole). 
[0037] The herbiddes. for instance, include phenoxy 
base hertMcides, phenol base herbicides, diphenylether 
base herbicides, aniline base herbicides, urea base her- 
bicides, cartjamaie base herbicides, amide base herbi- 
cides, nitrile base herbicides, bipyridium base 
. herbicides, triazine base hertDicides, fatty acid base her- 
bicides, and diazine base herbicides. 
[0038] By the term' '^cosmetic material" used herein 
are Intended fundamental cosmetics, makeup cosmet- 
ics, medicated cosmetics, hair-care cosmetics, mouth- 
care cosmetics, toilet cosmetics, aromatics, and per- 
fumes. The fundamental cosmetics, for instance. 
Include creams, milky lotions, and toilet water. The 
makeup cosmetics, for Instarx^e. include toilet powder, 
rouge; nail enamel, mascara, and eye shadow. The 
medicated cosmetics, for instance, include arrb-suntan 
products, suntan productSi and deodorant cosmetics. 

- [0039]- The hair-care cosmetics, for instance, include 
shampoos, cold wave lotions, hair dyes; pomade, and 
hair liquids, arxi the mouth-care cosmetics, for instance. 

' . include dentifrice, mouth cleaners, and mouth deodor- 
ants. X - 
. • [0040] V By the term -surfactant" used herein are 
• i vv-r . intended: ^dntbnic.x cationlcr nonionic, amphoteric; and 

other surfactants. 
' [004t^'f r T^^ 



ether, fatty acid sucrose ester. N,N-di(alkanoi)alkane 
amide, and polyoxyalkylene block copolymer. 
[0044] Surfactants are now used in various prepara- 
tion forms such as detergents, wetting agents, penetrat- 

5 ing agents, dispersants, flocculants,- emulsifiers, 
emulsion breakers, solubilizers, foaming agents. ' 
defoaming agents, smooth finish agents, lubricants, sof- 
teners, antistatics, water repellants. - germicides,- and 
rust preventives. The granulated product- of the present 

70 invention, too, are thus expected to have .such appiica- 

•.: -tioriS. • ^n:-- ' . - 

[0045]. ' By the term "paintr used hereinrare intended 
. synthetiCvresin paints, oil pa jntsi^spirit pairrts, inorganic ; 

' paints.- etc. The synthetic resin^used for^synthetie resin 
75" paints, ^c. includes thermoplastic resirn. thermosetting 
resin, and the like. The thermoplastic resin, for instance, 
includes acrylic resin, e.g., thermoplastic acrylic resin; 
halogenated vinyl resin, e.g., vinyl chloride-vinyl acetate 
copolymer resin, and ftuorinated vinylidene resin; poly- 
olefin resin, e.g.. chlorinated polypropylene; polyvinyl 
alcohol resin, e.g.. polyvinyl alcohol, and polyvinyl 
acetal -butyral; vinyl acetate resin; emulsion resin, e.g., 
styrene-butadiene resin; high-molecular polyester; arKi 
nylon. The thermosetting resin, for instance, includes 
alkyd. epoxy resin, unsaturated polyester, ^thermoset- 
ting acrylic resin, melamine resin, urea resin, urethane 
prepolymers. silicone interrryediates, phenol resin; 
xylene resin, maleic resin, .polybutadiene. and petro--^ 
leum resin. 

[0046] In the practice of the present invention, known 
or improved semiconductors may be used although not 
limited thereto. For instance, use may be made of any 
one of individual semiconductors, binary alloy com- 
pound semicorxiuctors comprising combinations of, two 
elements, and multi-alloy compound semiconductors 
comprising combinations of three orv more elements 
V (e.g., II-IV-V elements. 111 elements. V elements. and VII 
elements). More speclfically.iuse,\maybemade of com-. : 
binations comprising IV elements such as Si, Qe, and 
40 Sn, and IV-IV elements such^s SiC; arxir combinations 
conprising VI elements such as Se. and Te. and lll-V 
elements (e.g.. BP. AlP. AlAsr AISb,^GaN, GaP.iiSaAs.. 
QaSbr InP^'lnAs;;: and 'lnSb)kHrVI ^elen?ems^(e:g.; :2nO; 
ZnS. ZnSe. ZnTe. CdS. CdSe. CdTe. HgS. HgSe. and 
>.;i*5ir^;Hgne);varid=:IV^yiv^iem .Pbife-^and»{,. 
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-'■'i^^^^s6ap?{TurkeyT€^ byiswilaWe 
' ^nii^'3fonate;;«K)ldih^suf^^^ 
.r^^;^:^^2^%ulfbsu(5cinate.*^arKi;^N^(Z^lfo)et 



-r -^ amide salt. • t^^- - - 

yi^i^i ^0042] >. The cationic'sunfactant, forinstaince. includesv 
• ■ alkyi trimetiiylammonrum chloride, dialkyi dimethylanrv* 
vsr^'t^ moniiim^ehloride, alkylpyridinium bromide; = and alkyk: 
A/j^;^.' benzyl dimethylamnronium chloric ' 
~. js«I>: [0d43]3i;jfien^ surfactant for instance, includes, ^v;r. 
;c r ^ a!kyh<polyoxyethylene ether, alkylphenyl polyaxyethyN ^^^^v 



V .ene .ether, alkytCcUtx>nytoxy polyoxyether/:N,N-di(poly.-:' 
'ti. oxyethylene)alkane-aLmide. fatty acid polyhydric alcohol 
fatty^ acid pdlyhydrk: alcohol polyoxyethylene 



■-^'^ essary;s;--v*- -* ^^^^^ " - 

5£jtfl, .[0047]:' t^By^ the term Y"cerraet: used,herein isjntended:; 
•-'_.oodde« cermet carbide cermet boride cermetrTirtride • 
^5"^>cermet.vandsGion. Ceramics cornponentsjof. cermet; for 
ei^ir^- instance: may be TiG.- wet^-CrsGs^trAbOS; tand.;SiG^; :. 
v;:. although not> limited theretoii^rin [the^ praGtic^ ;0f . the . 
present invention.^ hQweverit? oprjiponents Ijcnown for 
ceramics are all avaOable:\MetalS:;tJsed for cemiet,;. 
although not critical, may be-Ni; Mo, Pe, Cr, Go; Ag, Cu. 
and Sn. Various metal oxides such as^^GdO. Zno and- 
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Sn02, too, may be used in the practice of the present 
invention. 

[0048] The granulated ceramic product preferably 
obtained according to the present invention comprises a 
spherical ceramic shell and has a spherical space 
^therein. This is obtained by allowing the polymer particle 
having high water absorption properties to be swollen 
by the absorption of water therein, and bringing the 
swollen polymer particle into contact with the ceramic 
raw powder to form a ceramic raw powder layer all over 
the surface of the swvollen polymer particle, followed.by 
<3rying. and f iring^. 

[0049] For the purpose of retaining the shape and 
strength of the ceramic raw powder upon shaping, dry- 
ing and firing, it is preferable to incorporate therein a , 
low-temperature birKler for shape and strength retention 
at low temperatures, e.g.. carboxymethylceliulose. 
starch, and water glass and/or a high-temperature 
binder for shape and strength retention upon firing, e.g.. 
glazing frit, calcium fluoride, and glass frit. 
[0050] It is here noted that the binder is not always 
needed; the ceramic raw powder may be sintered with- 
out any binder. 

[0051] Sintering is preferably carried out at a temper- 
ature siitatae therefor, thereby bringing powder parti- 
cles into point contact with one another so that they are 
agglomerated or bound together. Consequently, the sin- 
tered spherical ceramic shell provides a shell wall 1 1 of 
a porous or open-pore structure. Communication of gas 
or liquid between an internal spherical space 10 and the 
outside is thus achievable through the porous spherical 
shell wa» 11. 

[0052] Usually, these fine open-pores allow slow pas- 
sage of gas or liquid to produce various functions and 
effects, and so make it possible to provide products for 
various purposes. 

[0053] For instance, the gas filled in the internal spher- . 
ical space, e.g., sterilizing or chlorine gas or reactive 
gas, is slowly released through the porous shell wall. 
[0054] Similarly, the liquid filled in the internal spheri- 
cal space, e.g., perfume, a pH adjuster such as an alkali 
or acid solution, a sterilizing solution, a metal salt solu- 
tion or an organic solvent is slowly released through the. 
porous shell wall. 

[0055] This is atsa true of solid!^\filled:i(gt4he interrj^ 
.spherical space.' e.g.. camphor, ,^Ji.d perfume, y^SQk^r 
I: fertilizer solids j ^ is.L they ^re^owly relgja&ed thrQfetgl> 
: the porous shell wall. VMhen, fprriBStanc^-ttbe fertilM^r 

filled iathe present granulated ^pduct iscJiuried in the. 

ground, it has sustained f^rtiliz^^jactivityi^^iecause it is 

slowly releasedjnto soil upon p^etration^pf laiiiwater. 



etc. 



[0056]^ It is understood that 1tie.in1fodup^c>n of iiqiii id. 
gas. or the Tike Intorfeglritern^K .spherigal siJace^^^^ 
instance, may be Basfly-achieved by placing the pr^eint 
granulated product tn^a^v^cuunri^Jiamber to produce a 
vacuum therein, and r r^turning.4tl^ ambient pressure 
back to normal pressure while the granulated^ product is. 



surrounded therearound with liquid or gas. Likewise, the 
introduction of solids may be easily achieved by placing 
the present granulated pnxluct in a vacuum chamber. 

. - and returning the ambient pressure back to normal 

5. pressure while the granulated product is surrounded 
therearound with wax or a. metal such as aluminum or 
tin put into a molten or fused state by heating at high 
temperatures, followed by cooling. 
[0057] Preferably, the spherical form of granulated 

10 ceramic product comprises a shell containing finely 
I V -divided solids. . . _ , . 

[0058] Preferable emtxxliments of the granulated 
r product according to the present invention will now be 

• -described. 

15. [0059] The granulated ceramic product of the present . 
invention may l:>e used as a catalyst for the decomposi- 
tion of autonrotive exhaust gases if a catalytic sut>- 
stance such as vanadium oxide, platinum, manganese 
oxide or silver is carried thereon. 

20 [0060] The granulated ceramic product of the present 
invention may be filled therein with an admixture for 
cement mortar or concrete such as high-performance 
water reducers, and rust preverrtives. 
[0061 ] The granulated ceramic product of the present 

25 invention may be used as a lightweight aggregate, and 
a soil improver. Furthermore, the granulated ceramic 
product of the present invention may be used as a light- 
emitting product in which a light-emitting material is 
contained in the spherical space and/or shell thereof; as 

30 a phosphorescent product in which a phosphorescent 
material is contained in the spherical space and/or shell 
thereof; as a subiimable substance releasing product in 
which a subiimable substance such as iocfine. mercury 
or camphor is contained in the spherical space and/or 

35 shell tiiereof. as a slow releasing product lor perfume in 
which perfume is contained in the spherical space 
and/or shell thereof; as an enzyme-containing product 
, ir^which an enzyme such as proteolytic enzyme or amy- 
loclastic enzyme Is contaned in the spherical space 

40 and/or shell thereof; as a bacteria-contair&ng product in 
which various bacteria and microbes are contained in 
..the spherical space and/or shell thereof; arxj a bacteri- 
dde-containing product in which pesticides are con^ 
tained in the spherical space and/or shell tiiereof. 

:45 [0062] The granulated ceramic product of thespresent 
. :v .-^inyention may; also be usecj^as a filter pi?oduj^ For 
' v<3:*iai!3stance;4he granulated ceraiw product is fijlecl in 

f : *-f.jnetwork container tofprni af iHser laye^ *iough wi^ph p&. 
gas, liquid or solid sii^pension to be filtered is tr^ted. . - 

50 ^ [0063] Ifi in ttnis case, the granulated, c^mi<^|^oduct^ 
with a catalyst carried thereotn is used as a filter mstte- 
nd-ia^, it is then possible to make clean gaseous poilutante 
-^^such aSiSOx atKi NOx as well; as a f in^ xlust-confeaining 
;,i;:i^assudh'as <agarettesnioke^v • . ; ^ y 

55? ^ [0064] r The granulated ceramic product of tiie present 
. /invention, conposed rpainly of alumina. thorja..rpagne7 

. rasia. zirconia or the like and so improved in heatresist- 
.ance^> provides a useful , heat-resistant smictura! 
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material or the like. The granulated ceramic product of 
the present invention, composed mainly of cartwn, sili- 
con carbide, boron nitride, aluminum nitride, sialon, 
mullite; cordierite. aluminum titanate or the like and so 
improved in corrosion resistance, provides a useful 
structuraJ pr electronic part material, etc. The granu- 
lated ceramic product of the present invention, com- 
posed mainly of potassium titanate fibers, porous 
calcium carbonate. mullite fibers, alumina fibers or the 
like and so improved in heat resistance, provides a use- 
ful heat=*esistant or nonrcombustible material, ^c. The 
granulated ceramic product • of the present invention, 
composedi.mainly of beryllia. diamond, silicon carbide, 
aluminum nitride; boron nitride or the like and so. 
improved in. heat.corKluctivity. provides a useful heat- 
releasing material, etc. 

[0065] The granulated ceramic product of the present 
invention, composed mainly of alumina, diamond, cubic 
boron nrtride, boron carbide, tungsten carbide, titanium 
carbide, silicon carbide, titanium nitride, titanium t>oride. 
zirconium tx)ride or the like arxj so improved in hard- 
ness and wear resistance, is useful for abrasive materi- 
als, grinding materials, cutting materials, wear-resistant 
materials, etc. The granulated ceramic product of the 
present invention, composed mainly of silicon carbide, 
silicon nrtride. PSZ. alumina or the like and so improved 
'>-:in'high strength characteristics, is. useful f(3r i^tructural 
materials, etc. The granulated ceramic product of the 
present rnvention.'composed mainly of reinforced glass, 
graphite fibers, whisker or the like and so improved in 
corrosion resistance, is useful for mechanical part mate- 
rials, etc. 

[0066] The granulated ceramic product of the present 
invention; composed mainly of AI2O3, BeO, diamond, 
Mg2SiOi, MgSiOs. cordierite. SiC. BN, AIN. mullite, 
Si02 or the like and so improved in high insulating prop- 
erties, is useful for ignition plugs for insulators, packag- 
ing materials for IG substrates, etc. 
[0067] Composed primarily of barium titanate, titanate 
(Ba2Ti902o); (Zr, Sn)Ti4. Pb{Mg. Nb)03. Ba(Zn. Nb)03 
or the like arxj so improved in ferroelectricity, the granu- 
• lated ceramic product of the present invention is useful 
Jfor capacitors, resonatorsvletc;- ■V '^^"' 
[0068] Composed primarily of PZT. quartz crystal, 
^-ir.|jTa03.^Nb%^ZnO^ or the 

^Wiike ^arrcl^so irri^bved in '^i ezode'C^^ the'vgranulated 

cerarfii^^rodCii^ 
.^v bscillatdins; rtegrfnator filters;' - delay elenie'ntls; ' -ignitibhi 
i?;'^elemet^. -piezoelectric transformers; 'etc. ^ * 
[0069]* Composed primarily of PZT. LiTaOs, RbTiOaW* ^ 
th& like and so improved in pyroelectricity, th§^^ granu- 
lated'^a'amic product of the present invention^fe usefulr 
^STifor inffared ray sensor eiemeiits.- etc. -'^ .t . 
r • [0070] . - > Gbmpiosed primarily of PLZT ADiPr KDP~ 

LiTaO^p LiNbO# KTP. BaB204 or the like and so 
' ii-impriDved in electric polarization, the granulated ceramic 
: produd of the preserrtinviention is useful for image stbr- 
V ' age elem.ents, electrooptic polarization elements, etc. 



[0071] Composed primarily of SiC, LaCrOs, MoSi2. 
Zr02. carbon or the like and so inproved in resistance 
heat generation, the granulated ceramic product of the 
present invention is useful for resistance, heating: el e- 

5 merits, etc. -v 

[0072] Composed primarily of manganese-nickel- 
cobalt l>ase oxides. ZrOs, TiOg. barium. titanate solid 
solutions, vanadium - titanium oxide systems or the like 
and so improved in resistance temperature perform- 

10 ance. the grandated ceramic product of the present 
invention is useful for thermistors^ {NTC),ttieating :ele'-^- 
merits (PTC); teniperature elemerrts (GTR), etc: c^: v^: 
[0073] 1 Composed primarily of zinc-dxade-bismuth ^ 
tase materials. SiC'or the like and so iriiproved in rton-*^ 

15 linear resistance performance, the granulated ceiamic 
product of the present invention is useful for voltage sta- 
bilizer elements, varistors. etc. 

[0074] Composed primarily of SnOg. ZnO, Ti02, Zr02 
or the like and so improved in gas resistance, the gran- 
20 ulated ceramic product of the present invention is useful 
for gas sensors, etc. 

[0075] Conrposed primarily of materials based on 
MgCr204-Ti02, 2nO-Li20-V205. Li20-Fe203 or the like 
and so improved in humidity resistance, the granulated 

25 ceramic product of the present invention is useful for 
humidity sensoi^. etc. - ■ . 

[0076] Conposed primarily, of rhateriais t>ased on B- 
P. B-Y or the like and so improved in thermoelectricity, 
the granulated ceramic product of the present invention 

30 is useful for thermoelectric elements, etc. 

[0077] Composed primarily of p-alumina, zirconia, 
NASICON. lithium-containing giass or the like and so 
improved in ionic conduction, the granulated ceramic 
product of the present invention is useful for solid elec- 

35 trolytes for batteries, sensors, etc. /. . 

[0078] Composed primarily of BaPb^ -xBixOs, IJTi204.* 
PbxMogSy, (La. Ba)2Cu04. — '^•Ba2YCu307, 
Bi2Sr2Ca2Cu30g or the like and so improved in- super- 
conductivity, the granulated ceramic product of the 

40 present invention is useful for elements, cables. -mag- 
nets, etc. . 
[0079] Conrposed primarily of BaTiOsifZnTiOs^or the 
HKe^arri'So inproved* in* thernijonk; emission: theigmnu^^ 
lated ceramic product of the present invention is useful 

45 vfor-.secondary;electrpnveM % 

.'r Jvl0p80]:^i;^ Gbmposedr^prime^ 

^ ' w'^arid'Sd improved >^ 
-^/'gp^nulatedxceramic is^ 

' - useful for hot cathodesretc^::^ - v^v^iiA;- ^ : 

so ^fOOSI] Composed primarilyof r Fe20Q. Fe3C>4.^Ba(Fei - 
Co. Ti),2Di9,'Mn-Zn ferrite^ Ni^Zn ferrite. Mi ferrite oi' the 

~w?like^arKJ'SOvimproved inrsoftcmagnetism.:the grantilated; 
';ceramic product of: .the;present^ invention fe::us^ul;;fqr; 

_ i:^^magnetic:tapesJ:JTTagnetic fluids^-magrieticTooresf-n^g- 

55 tnetic heads, storage operation- elements;^magnetostric-i 
r-.-'tive oscillators. \^c. : j.-:'^'^ .-vf-' ^ 

— :[00821-^ Cornposed primarily fOf:- Srti)*:^F203, 
BaO • 6Fe203 or ttie like and so improved in hard mag-. 
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netism, the granulated ceramic product of the present 
invention is useful for nriagnets. etc. 
[0083] Ckjmposed primarily of various ferrites or the 
like and so improved in radio-wave absorption, the gran- 
ulated ceramic product of the present invention is useful 
for radio-wave absort)ers. Composed primarily of AlgOs. 
MgO. Y2O3 or the like and so improved in light transmis- 
sion, the granulated ceramic product of the present 
invention is useful for light-transmitting materials resist- 
ant to heat and corrosion, etc. Composed prln^arily of 
silica, fluoride glass or the like and so irnproved in light 
guidance, the graniiated ceramic product of the present 
invention is useful for light guiding rnat^rialSi etc. Com- 
posed primarily of Sn02. In203. TiN or the 4ike and so 
improved in light reflectivity, the granulated ceramic 
product of the present invention is useful for coating 
materials for infrared reflecting window glasses, light- 
reflecting solar heat condensers resistant to heat. etc. 
Composed primarily of CaW04. Csl. Nal, UF, 
Caio(PO^)6(F. CI)2. Y2O3. BaMgsAI^eOey. 
CeMgAlT^OiQ. LaFsiYb. Er. Y2O2S. ZnO. 2nS. 2028104. 
2n3(P04)2. Gd202S or the like and so improved in fluo- 
rescence emission, the granulated ceramic product of 
the present invention is useful for fluorescence emitters 
excited by X-rays, ultraviolet rays, infrared rays, and 
power, etc. Composed primarily of.CdS, PbS. InSb. 
HgCdTe or the like and so improved in photoconductiv- 
ity and pholoelectromotive force, the granulated 
ceramic product of the present invention is useful for 
light receptor elements, etc. Composed primarily of 
Al203:Cr. YAG:Nd. glassiNd. BeAl204, GaAs. GaP. 
GaAsP. GaAlP, GaAlAs or the like and so improved in 
light emission, the granulated ceramic product of the 
present invention is useful for lasers, etc. 
I(K»4) Composed primarily of GaAIAs, GalnAsP, 
GaAIAsSb. GalnAs. GalnAsP, GaN. SiC. ZnS or the like 
and so improved in light emission, the granulated 
ceramic product of the present invention is useful for 
light-emitting diodes, etc. 

[0085] Composed primarily of BGO(Bi4Ge30i2). Nal 
or the like and so improved in light emission, the granu- 
lated ceramic product of the present invention is useful 
for radiation-detecting materials, etc. .. i .. 

[0C66] Composed primarily of ZnS. CaS. SrS. ZnSe or 
the likerand so improved jn light ,ecPissrGin« tl^e gtianMf^ 
lated ceramic product of the preset Jnvenjtfen.is usi^fulr, 
for electroluminescence materiafe-iptc. .v^.i - 

i [0087] V Composed primariJy of gaTlOs. SrHOs. 
M0O3. T1O2 or the like and so irnproved irii^ocJpring ^M- 

. ity, the granulated ceramic product of the pr^esent inyenn 
tion iS' useful for electrochrorrttc. materials, ettf . - ~ 

. 10088] ^ Composed primarily of laTaCb* U»fi*>03. PiZ^ 
BSD (Bi^gSiO^o)* K™ the tiksii-and s<fci^roved£*n 
electrooptic characteristics, the^granulate^d ceratnic 

. product of the present invention i&^eful iojr. electrooptic 
modulation elements, etc-: • -1 ? n :i • c>v 
10089} Composed prinfarily:M .UT8%^tUhtt^ 
PbMo04, Te02 or the like and saMmproved iaacous- . 



tooptic characteristics, the granuiated ceramic product 
of the present invention is useful for acoustooptic polar- 
ization elements, etc. 

.[0090] Composed primarily of Y3Fe50i2. 

5 . Gd2BiFe50i2 ''^e and so improved in magnetoop- 
tic characteristics, the granulated, ceramic product of the 
present invention is useful for magnetooptic recording 

^materials, etc. 

- [0091] Composed prirrtarily of apatite, alumina, car- 
10 bon or the like arxJ so improved in bio-affinity, the gran- 
. ulated ceramic product of the present invention is useful 
for artificial bone and dental materials, jetc. 
[0092] - Composed primarily ol silica, alumina, zeolite 
or the like arxl so improved in adsorptivity. the granu- 
15 lated ceramic product of the present invention is useful 
for immobilized enzyme carriers, etc. 
[0093] Composed primarily of alumina, cordierite. tita- 
nia, silica, zeolite, potassium titanate, vanadium oxide 
or the like and so inproved in the ability to provide cata- 
20 lysts and carriers, the granulated ceramic product of the 
present invention is useful for catalyst carriers, cata- 
lysts, etc. 

[0094] Composed primarily of alumina, zirconia, sili- 
con carbide, boron carbide, boron nitride, silicon nitride. 
25 titanium nitride or the like and so improved in corrosion 
resistance, the granulated ceramic product of the 
preserrt invention is useful for ccyrosion resistant mate- 
rials, etc. 

[0095] Conposed primarily of uranium oxide, uranium 
30 carbide or the like and so improved in nudear perform- 
ance, the granulated ceramic product of the present 
invention is useful for nuciear fueis, etc. 
[0096] Composed primarily of graphite. sOicon carbide 
or the like and so improved in nuclear performance, the 
35 granidated ceramic product of the present invention is 
usefut for nudear fuel cladding materials, etc. 
[0097] Composed primarily of graphite, boron carbide 
or the like and so improved in nudear performance, the 
granulated ceramic product of the present invention is 
40 useful for moderators, reflectors, etc. 

[0098] Composed primarily of lx)ron cart>ide or the like 
and so improved in nudear performance, the granulated 
. ceramic product of the present invention is useful for 
controlling materials, etc. 

[19099] t o Composed primarily, of graphite, silicon car-: 
. .T.-fifeide. boron cartDide. silicon nitride-mihe like and so. 
• 2 JaniproveGb ir^ nudeq^r p^iormancer vthe granulated ^ 
. :e;^^mic^oduct of the pcesfent in\fierrtion is useful-for , 

- , nnaterials for nuclear fusion reactors, etc. ^.z 
50o [OlOO] .V Connposed primarily of spHd Sthium scorn- 
pounds ot the like and so improved in nuctear perfonTi-- 

- t^j^ncB, tb^ granulated cerarniic product pi the present 
.^ ritavrentibrasis useful- for sufostarices having affinity for fri- 

^.-r[ft1 01] .f?refeFable emboci ments of the method of mak- 
ing fte granulated ceramic prod.LCt of the present inyjen- 
'^tiofli wHlbes,etout belowas(1)'to(12): . - . 
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(1) A granulated ceramic product-making method, 
characterized by allowing a polymer particle having 
high water absorption properties to be swollen by 
absorption o1 water therein, and bringing the swol- 
len polymer -particle in contact with a ceramic raw 5 
powder to form a ceramic raw powder layer all over 
the surface of the swollen polymer particle, followed 

by drying and firing, thereby obtaining a granulated 
(hollow) ceramic product comprising a spherical 
ceramic shell and having a spherical space therein, w 

(2) A granulated ceramic product-making method. " 
characterized by allowing a polymer particle having? 
high water absorptioii'properties to be swollen' by 
absorption of water therein, and bringing the swol- 
len polymer particle iri contact with a ceramic raw 75 
powder to form a ceramic raw powder layer all over 
the surface of the swollen polymer particle, followed 

by drying, thereby obtaining an urrfired, granulated 
ceramic product comprising a spherical solid shell 
and having a spherical space therein. so 

(3) A granulated ceramic product-making method 
as recited in (1) or (2). wherein said powder con- 
tains a normal temperature binder for adhesive 
materials such as methyl -cellulose and a high tem- 
perature binder'such as calcium fluoride, and glass 25 
frit; 

(4) - A granulated ceramic product-making' method 
as recited in any oneT)f (1) to (3). wherein said dry- 
ing cx firing is carried out by dielectric heating in a 
high-frequency dielectric heating type heater sys- so 
tern. 

(5) A granulated ceramic product-making method, 
characterized in that a granulated ceramic product 
obtained by the method recited in any one of (1) to 

(4) is immersed in a liquid to impregnate a shell of 35 
the granulated ceramic product with the liquid. 

(6) A granulated ceranriic product-making method - 
as recited in (5); wherein said liquid is a metal salt 
solution. 

(7) A granulated ceramic product-making method, 40 
characterized in that a granulated ceramic product 
obtained by the method recited in any one of (1) to 

(4) is immersied in a suspension containing^a finely 
divided solid powder such as a finely divided cata- 
-iy St 'powderf^ arrive 45 
iafed'^isefamic' product^compriising ^aV shell with the f*^ 
Wihely dividedisolid'pbwde^^ ' - 

(8) ''A granulated 'cera'mis product-nrliakirig* itiethbd,' ' 
characterized in that a granulated ceramic product - 

' obtained by the method 'recited in.any one of (1) to " so 
(7)'4s inrvnersed in a liquid to obtaih''a^ granulated^' 
ceramic prbduct (microcapsule) in which the liquid ' 
is bcdudesl'ih a spherical space therein. ' : :* 

(9) . A granulated ceramic product-making method, 
characterized in that a granulated ceramic product ss 
obtamed by the method recHed in any one of (1 ) to 

(7) is placed in a gas to obtain a granulated-ceramic 
product tn which the gas is occtuded in a spherical 



space therein. 

(10) A granulated ceramic product-making method 
as recited in any one of (1> to (9), wherein said pol- • 
ymer having high water absorption properties is in a- 
spherical powder particle having a panide size of 
0.02 to 3.0 mm. ^ . 

(1 1) A granulated ceramic product-making method * 
as recited in any one of (1) to (10). wherein said pol- 
ymer having high water absorption^properties is in a • 
small sphere upon swollen by the absorption of i 

. water therein, said sphere having a-diameter ot:.0.2'.v 
• toSC^O^'mm. ;^ * • -r • -^Urj- 

(12) A granulated ceramic product- making rmethod 
as recited in any one of (1) to (10). wherein a ratio 
of said polymer having high water absorption prop^ 
erties upon swollen by the absorption of water 
therein to the water is in the range of 1 :50 to 1 :500. 

[01 02] The granulated product of the present invention 
having a spherical hollow space may be provided in the 
form of a porous product If the granulated product is 
immersed in a liquid, it is then possible to inrpregnate 
the shell of the granulated product with the liquid; if the 
granulated product is immersed in a suspension con- 
taining finely divided powders and dried, it is then possi- 
ble to obtain a granulated product comprising a shell 
with the finely divided powders incorporated therein: ;if v. 
the granulated product is immersed in a liquid, it is then 
possitsie to obtain a granulated product in which the liq- 
uid is occluded in a spherical space therein; and if the 
granulated product is placed in a gas, it is then poss&^le 
to obtain a granulated product in which the gas is 
occluded in a spherical space therein. The oomponent 
impregnated or occluded in the granulated product may 
be slowly released thierefrom. In. a preferable emtxxji- 
ment of the present invention, the granulated product is 
immersed in a metal salt solution. > c- 

[0103] By sintering the present granulated product 
having a spherical space therein at higher temperatures 
as by a melt sintering process, it is possible to vitrify a 
part or the whole of its spherical shell, thereby obtaining 
a pore-free product. < . • . c 

[01041- • Using the snow-bafI process,, the- granuiatedr:. 
product obtained by the present invention may be pro- 
vided 00 its SMrface with a layer oj theisar^ 
a different materials Alterriatively^ilayers^pfcfi^^e^ 
ders- nriay be 'ebated'6n ^the> surface granulated:.: 
H^ pi-oduct, thereby obtaining a 'gCTiulated?pro^ 

■ prising a multilayered structured spherical solid shelL^, 
' [01 05] -A multipiidty of- granulated products according . 

to the-present . invention may be bsought into;point con-- 
*' tact, shown^at; 3. withi'one another.as?shoiw^m 

■ whereby they are agglomerated and Isiound together 
! into an agglomerate 2 as. shown irtFiguSiiSidreSlnSffe 

way. the agglomerate 2 compri^ng a mult9)6city :ot'grar^' 
.ulated products ! bound together can be provided^ lf-a . 
muttipiicity -of granulated products 1 arevsintereditnto a . 
' sintered agglomerate 2,. it is then ppssitsle to otJtam a- ; 
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sintered bulk agglomerate in which a multiplicity ot gran- 
ulated products are bounded together by sintering. 
[0106] In the present invention, it is also possible to 
obtain a hollow sphere comprising a spherical wall by 
depositing a binder such as CMC (cartx)xymethylcellu- 
lose) on the surface of the swollen polymer particle 
(having high water absorption properties), and deposit- 
ing a powder layer on the surface of the binder, followed 
by drying. Alternatively, it is possible to obtain a hollow 
sphere comprising a multilayered spherical wall by 
depositing a first powder layer on the surface of the 
swollen polymer-partide (having high water absorption 
properties), and then depositing a second powder layer 
on the first powder layer, followed by drying. Still alter-^ 
natively, it is possible to obtain a hollow sphere compris- 
ing a spherical wall made up of a bounded agglomerate 
of different powders by depositing a powder mixture of 
two or more different powders on the surface of the 
swollen polymer particle (having high water absorption 
properties), followed by drying. 

[0107] Fig. 1 is a front schematic illustrative of one 
exemplary outer configuration of a sphere 1 obtained by 
granulation according to the present invention, and Fig. 
2 is a sectional schematic illustrative of the sphere 1 
shown in Fig. 1 . As can be seen from Rg. 2, a multiplic- 
ity of powders are agglomerated into contact points with 
one another to form a sphere having numerous' open 
pores therein. To obtain such a porous sphere as shown 
in Fig. 2, it is preferable to use the ceramic raw material 
in a powder form. In this case, a liquid or gas may be 
occluded in a central spherical space 10 shown in Fig. 
2. or various materials may be impregnated in the 
sphere 1. Illustrated in Fig. 3 is a schematic illustrative 
of a typical configuration of three spheres 1 shown in 
Figs. 1 and 2. which are bound together into an agglom- 
erate. From Fig. 3 it is found that the spheres 1 are 
tKXind together in point contact, shown at 3, with one 
another to form the agglomerate. It is also found that 
such an agglomerate has a relatively large void 4 that is 
d^ined by the point contacts 3 to provide a communi- 
cating passage. 

[0108] ' Fig. 4 is a sectional schematic illustrative of a 
sphere t obtained by granulation according to the 
pr^ent invention, which corrprises a multilayered shell. 
Although the shell illustrated comprises two-layers /^l: 
' and 12i it is in principle possible to form a-shell of thnee 
or nrioreiayers. ^e layers formed may betcnacte upio* 
different materials, the same material; or partially differs- 
ent materials. ' . ; ci?:^ 

[0109] Illustrated in Fig. 5*is a structure 5^ comprising . 
a multiplicity of qpiheres 1 c^teined by gTfenulatipn 
according to the present invention;: which are agglomear- 
ated and bound togeth©-. Fig. 6 illustrates .a- part of the ' 
> structure 2 on an enlarged scale, rit is found that4he 
- structure 2 comprises a multipDdty of agglomerated and 
bound spheres 1 . with a ruimber of open voids 4 formed 
anx>ng them, said open voids providing communicating 



[01 1 0] Throughout Figs. 1 -6, reference numeral 1 rep- 
resents a sphere, 2 an agglomerated structure, 3 a point 
contact. 4 a void. 10 a spherical (hollow) space. 11 a 
spherical porous shell wall, and 12 a second porois 
s shell wall. . 

EXAMPLES OF THE INVENTION 

[01 1 1] More specific enri>odiments or examples of the 
10 present invention will now be explained. However, it will 
be obvious to those skilled in the art that the present 
invention is not limited thereto,- and so may be appropri- • 
ately modified if desired or if required. ■ w - 

15 Example 1 

[01 12] Thirty (30) spherical polymer particles (having 
high water absorption properties), which were swollen 
by the absorption of water therein and had a particle 

20 size of 8 mm, were tumtted on a 5 mm-thick layer of 
dried clay powders (50 grams) spread over a given 
sheet, so that their surfaces were uniformly covered 
vwth the powders to otjtain spherical particles, each 
comprising a shell containing a 1.5 mm-thick hydrous 

25 clay powder layer. 

[01 1 3] The aforesaid spherical polymer particles (hav- 
ing high water absorption properties) swollen by the 
absorption of water therein, with a particle size of 8 mm. 
were prepared by immersing a polyacrcylate base poly- 

30 mer having high water absorption properties and a par- 
ticle size of 1.5 mm in water the amount of which was 
150 times as large as that of the polymer. 
[0114] The aforesaid spherical polymer particles, 
each swollen by the absorption dt water and comprising 

35 a skin shell made up of the hydrous clay powder layer, 
were dried in a drying furnace at 110*^0 for 3 hours to 
obtain spheres having a particle diameter of 6. mm. a 
shell thickness of 1 mm. and a hoUow-^ce with an 
inner diameter of 4 mm. 

40 [01 1 5] Then, the dried spheres were fired in a firing 
furnace at 1 ,100°C for 2 hours to obtain porous yet firm 
ceramic spheres, each having a holtow space. They 
were found to have a bulK specific gravity of 0.78 and a 
water absorption 33%. 



45; 



. Example 2: 
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: f0116] .Rifty <50> polym^ paitides {having high water 
>rabsorption); which were swollen by iha absorption of 

AAater therein and had a pai^cte size'vof 8 mm- as in • 
' - Example 1 , were tumbled on a 5mm-thick layer of dried 
r(slay powders.{1 00 grants) spread over a given sh^jet so 
that their surfaces were uniformly covered with the pow- 
ders to obtain spherical particles, each comprising a 
- .shell containing a 1.5 nrKhthick hydrous day powder 
/layer • ... ^ - 

fO1 1 7] : Then, the thus granulated spherical partides 
were transferred into^a cfieiectric heating system (a 



Kin ^i^-^ 
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microwave oven operating at a high-frequency output ot 
180 to 600 W and 2,450 MHz), and dielecrically heated 
therein for 20 minutes. In this dielectric heating process, 
the swollen polymer particles were rapidly deprived of 
water by evaporation, and the shell of the clay powder 5 
layer was dried into solid, yielding spheres, each having 
such a configuration as shown in Fig. i , and such a sec- 
tional structure as shown in Fig. 2. 
[0118] After this, the dried spherical particles were 
fired in an electric furnace at I.ISO^'C for 2 hours. 10 
[0119] This firing yielded porous ceramic spheres. 
. each having a hollow space therein and* havir>g high 
hardness and strength, and being reduced in weight. 
These'spheres could be used as a lightweight aggre- 
gate material, and were found to have a-bulk specific is 
gravity of 0.6 and be resistant to a temperature of 
l.300*»C. 

Example 3 

[0120] Drying was carried out following Example 1 
with the exception that a mixture of 25 grams of 
chamotte powvders and 25 granns of day was used in 
place of 50 grams of clay powders. The obtained dry 
spherical particles were fired in a gas firing furnace at 25 
1.300**Cfor2 hours. 

[0121]- This firing yielded porous ceramic ^spheres, 
each having a hollow space therein and comprising a 
porous shell, and having high hardness and strength. 
These spheres could be used as a lightweight aggre- so 
gate material, and were found to have a bulk specific 
gravity of 0.6 and be resistant to a temperature of 
1,400*»C. 



mina were lightweight ceramic spheres found to be 
resistant to high temperatures and have high hardness 
and strength. 

Examples 

[0126] Fifty (50) polymer particles (having high water 
absorption), which were swollen by the absorption of 
water therein and had a particle size of 8 mm -as in 
Example 1, were tumbled on.a 5 mm-thick layer of cal- 
cined zirconia powders (50 grams: and containing 3% of. . 
a sintering aid of MgO) spread over. a ^rven sheet -so • 
that their surfaces were uniformly covered with the cal- 
cined zirconia powders to ofcnainr spherical particles.' - 
. each comprising a shell containing a 1 .5 mm-thick - 
hydrous layer of calcined zirconia powders. 
[0127] Then, the spherical polymer particles, each 
swollen by the absorption of water and comprising a 
skin shell made up of a hydrous layer of calcined zirco- 
nia powders, were dried in a drying furnace at 1 10**C for 
2 hours to obtain dried spherical p>articles having a par- 
ticle size of 6 mm, a shell thickness of 1 mm. and a hol- 
low space having an inner diameter of 4 mm therein. 
[0128] After this, the dried spherical particles were 
fired in a firing furnace at 1,650**C for 2 hours, yielding 
porous yet firm ceramic spheres of zirconia. each hav- 
ing a hollow space therein. I' :.. "f'-':^ 
[01 29] The resultant porous ceramiC'Spneres of zirco- 
nia were lightweight yet tough ceramic spheres found to 
be resistant to high temperatures and have high hard- 
ness and strength. 

Example 6 



Example 4. 35 

[0122f Fifty (50) polymer particles (having high water 
absorption), which were swollen by the absorption of 
water therein and had a particle size of 8 mm as in 
Example 1 , were tumbled on a 5 mm-thick layer of cal- 40 
cined alumina powders (50 grams; and containing 3% 
of a sintering mixture aid of CuO and T1O2) spread over 
a given sheet; sothat theirsurfaces were* uriiforrnly cov- 
ered with the calcined alumina powders tp obtain spher- 
ical patlides^xeachGonfipri^ng::^^^^ a;1:.5 45, 

: mrn^thick hydrous layervOf ca[cin'ed^ . 

•.■{01231ii'v - Then; the spbencai^ p^ partides,- each - 

: swollen *by • the rabsorptiqn ; of water and conr^sing. a ■> 
skin shell made of . a hydrous layer of calcined ailu- 

V mina powders, were dried in a drying furnace at 11 0'^C so 
for 2 hoursc to obtain dried spherical particles (Waving a 
particle size.'df B mmra shell-thickness offi mm, and a - 

' hollow space having-an inner diam^er of 4 nrm therein, 
[0124] After tffis~the~driedlspfi^ 
fired in a firing furnace at T.500f C for:2 hours, yielding ss 

: porous yet firm ceramic spheres of ahsnina. each havr 

■ Jng a hoUow space therein. " ; - - . 
[Gf125] The resultant porous ceramic spheres of alu- 



[0130] Fifty (50) polymer particles (ha\ring high water 
absorption), which were swollen by the at)sorption of 
water therein and had a particle size: of 8 mm. as in r :, 
Example 1. were tumtsled on a 5 mm-thick layer of cat- .. 
cined aluminum nitride powders (50 grams; and con- 
taining 5% of a sintering mixture aid of Y2O3 and CaO) - ? 
spread over a given sheet, so that their surfaces were^ 
uniformly covered ^with the calcined aluminum nitride ; 
powders to- obtain spherical- particles, each comprising, . ^ 
a shell containing a .1 .5 mm-thick hydrous layer of cal- 
cined alurninum.nitride^powdefS.» ijs/^ 
{01 31 ] Then.c the sphe^ricaKpolyrrieF^'particlesy'/ieiach^^^^ 
' Swollen by the absorptipnir^rfi-irater . andi^^cornprisi^ . a^^^i^U'A 
skin shell made uprof a hydrous layec>Qf';Cak;i^ H 
num nitride ipowdersr Were dried in va^dryirig furnace at 
110'C for 2 hours.>to obtain,v.dried\ispJ?erical particles . 
having a particle size of & mm, a shell tNckness of 1 
mm, arKi a hollow, space havir^rarv inner.diameter^ of .4 r 
mm therein. •. ' ' -i?'? ' 

: [01 32] ; After this;.^the dried ^spherical, particles were < 
fired in a non-oxidizing atmosphere-prevaling fining fur% - 
mce at 1,820"C for 2 hours;:yielding porous yet firni: 
ceramic spheres of aluminum fitride. _each having a hol- 
low space therein. - . . . • , 'i . . _ 
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[01 33] The resultant porous ceramic spheres of alumi- 
num nitride were lightweight ceramic spheres found to 
be resistant to high temperatures and have high hard- 
ness, strength and thermal conductivity. 

Example 7 

[0134] One thousand (1,000) ml of ceramic spheres 
obtained as In Example 1 was immersed in 1.500 ml of 
a slurry obtained by adding and suspending the same, 
clay m water (15% ot clay and 85% of water) for 1 
minute. The spheres were removed tnom the slurry, and 
charged into a sheath (having an internal volume of 1,5. ^ 
cm X 15 cm X 15 cm), followed by drying, and firing at 
1.150"C for 2 hours. This firing yielded a porous 
ceramic sheet of 1 5 cm x 15 cm x 4 cm. 
[01 35] The porous ceranic sheet was a sheet form of 
agglomerate in which a muHiplicity of ceramic spheres 
obtained as Example 1 were sintered together, with a 
thin sintered layer of clay resulting from the slunry. pro- 
vided at their areas of contact 

[0136] The porous ceramic sheet was a lighrtweight 
ceramic sheet improved in air permeability because of 
the presence of air permeability due to voids among the 
spheres and air permeability due to the porous shells of 
the individual spheres. The sheet was found to have a 
bulk specific gravity of 0.89. 

[0137] The cerannic sheet could be suitably used in 
the form of filters. sound-shieWing sheets, heat insulat- 
ing sheet, etc. 



Example 8 

[01 38] Thirty (30) polymer particles (having high water 
absorption properties), which were swollen by the 
absorption of water therein and had a particle size of 8 
. mm. were tumbled on a 5 mm-thick layer of dried clay 
powders (50 grams) spread over a given sheet, so that 
their surfaces were uniformly covered with the powders 
to obtain spherical particles, each comprising a shell 
containing a 1 .5 mm-thick hydrous clay powder layer. 
[0139] The aforesaid spherical polymer particles, 
each swollen by the absorption of water and comprising 
a skin shell made up of the hydrous day powder layer, 
were.dried in a drying furnace at 1 lO^C for 3 <iours tO: : 
- obtain unfired. ceramic spheres having a particle diame- 
.ter of 6 mm. a shell thickness of 1 mnrt and a hqllpw. 
space with an Inner diameter of 4 mm. >- - » :f 
[0140] The unfired ceramic spheres.. were fUled at a 
thickness of 50 rrm in a alumina porcetei sheath of 400,^ 
X 100 X 100 in vokinrw. followed by firing at 1 .250*'C for 
2 hours4n a firing furnace. This firing yi^e<4^r>.air pef^ 
meable sheet-like block in which porous ^xseranwG. 
spheres having a hofiow space therdn.anCiWPnsing 
T a firm shell were sintered together in point contact with 
one another. • ' ^ u 

[0141] The sheet-like block were improved in gas- ^nd 
fluid-permeability, and so coJd provide excellent filter 



sheets, and sound-absorbing sheets. 

APPLICABILITY OF THE INVENTION IN INDUSTRY 

5 [0142] According to the present invention, it is possi- 
ble to easily make granulated hollow products that have 
so far been difficult to make. It is also possible to freely 
control the particle size of granulated products to be 
obtained by controlling the particle size of a polymer 

10 having high water absorption properties, which is swol- 
. len by the at^rption of water therein during the making 
process. The obtained spherical form of granulated • 
products can be effectively used in various product 
fomis in dmg. fertilizer, foodstuff, feed, agricultural 

15 chemical, catalyst, ceramics, powder metallurgy, deter- 
gent, plastic, and bio-material fields, for instance, as 
catalysts, lightweight materials, sound-insulating mate- 
rials, microcapsules, and lightweight aggregates. 

20 Claims 

1 . A method of making a granulated product conpris- 
ing a spherical solid shell and having a spherical 
space therein, characterized by allowing a polymer 

25 particle having high water absorption properties to 
be swollen by absorption of water therein, and 
bringing the water-swollen polymer particle into 
contact with a powder to form a powder layer all 
over the surface of the water-swollen polymer parti- 

30 de, followed by drying. 

2. A granuiated product-making method as recited in 
daim 1 , wherein saki powder is an organic material. 

35 3. A granulated product-making method as recited in 
daim 1 . wherein said powder is an inorganic mate- 
' rial. 

4. A granulated product-making method as redted in 
40 any one of claims i to 3. wherein said powder con- 
tains a binder. 



5. A granulated product-making method as redted in 
daim. 3 or 4, wherein said inorganic material is a 
45 .:^,ici .cetramic^rawmaterial. j 

, . 6. . A method of making a granulatedi product compris- 
;;i«ig a spherical ceramic shell and having a sph^cal 
5 . ^. space therein, characterised by allowing a polymer 
50 . particle hawing high water absorption properties to 
be; swollen by absorption of water therein, and 
twinging the .water-swollfen polymer particle into 
. Qontad with a ceramic rawinaterial powder to form 
a ceranic raw nraterial . powder layer all the 
55 surface of the water-swoHen polymer partide. fol- 
: r > tawed by drying, and firing. 

7. , A graniialed product-making method as recited in 
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any one of claims 1 to 6. wherein said drying is car- 
ried out by dielectric heating in a high-frequency 
dielectric heating system. 

8. A granulated ceramic product-making method as 
recited in claim 6, wherein sard drying and said fir- 
ing are carried out by dielectric heating in a high- 
frequency dielectric heating system. 

9. A granulated product-making method, character- 
ized in that the granulated product obtained by the 
rfiethod recited in any one of claims 1 to 8 is 

. ^immersed in a liquid to impregnate the shell of said 
' granulated product with said liquid. 

10. A granulated product-making method as recited in 
claim 9, wherein said liquid is a metal salt solution. 

11. A granulated product-making method, character- 
ized in that the granulated product obtained by the 
method recited in any one of claim 1 to 8 is 
immersed in a suspension of finely divided solid 
powder, arvj dried to incorporate the finely divided 
solid powder into the shell of said granulated prod- 

. uct- 

12. A granulated product-making method, character- 
ized in that the granulated product-obtained by the 
method recited in any one of daims 1 to 11 is 
immersed in a liquid to occlude said liquid in the 
spherical space in said granulated product. 

13. A granulated product-making method, character- 
ized in that the granulated product obtained by the 
method recited in any one of daims i to 11 is 
placed in a gas to occlude said gas in the spherical 
space in said granulated product. - 

14. A granulated product-making method as recited in 
any one of claims 1 to 13, wherein said polymer 
having high water absorption properties is a spher- 
ical powder having a particle size of 0.02 to 3.0 mm. 

15. A granulated product-making method as recited in 
' any . one^of- claims - 1 to 1 3j -wherein rsaid polymer 
' :.vivt:iaving ;high water.'absorption''pjroperties;ts a small 
'*V'^'56phere;:havihg a'Vpartide diameter ^*ofif:0:2 to"6GtO: 



chamotte. silica sand, steatite, feldspar, alumina, 
magnesia, mullite. zirconia. silica, cordierite. ferrite. 
apatite, blast-furnace slag, shirasu. fly ash. silicon 
carbide, aluminum nitride, and silicon nitride. 

5 ' . 

18. A granulated prodiict-maldng method as redted in 
any one of claims 5 to 1 6. wherein said ceramic raw 
material or ceramic is a mixture of a binder and at 
least one member selected from the group consist- 
10 ing of clay, a clay mineral, chamotte. silica sand, 
steatite, feldspar, alumina, magnesia; mullite. zirco- 
nid, silica. cordieriteT ferrite, apatite, blast-furnace 
slag, shirasu. fly s&h, silicon cart^ide, aluminum 
nitride, and silicon nitride. - < * 



15 



20 



16. A granulated product-making methods as recited in 
any one 6f daims-^1" to 15. wherein a ratio of the pol^ 

.' Mv -ymer having high water absqrptton profDerties to the 

;c?\water ISTI :50 to 1 -500. ^ - V - ' ' - • 

17. 'A granulated product-making method as recited in 
any one of daims 5 to 16. wherein said ceranvc raw 
material or ceramic is at least one member selected 

- from the group, consisting of day. a day mineral. 



19. A granulated prodijct-making method as redted in 
any one of claims 1 to 1 8, wherein saki powder is a 
pharmaceutical material. 

20. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein saki powder is a 
fertilizer material. 

21. A granulated product-making method as redted in 
any one of claims 1 10 '18. wherein said powder is a 
foodstuff material. 

22. A granulated product-making method as redted in 
any one of claims 1 to 18. wherein saki powd^ is a 
cement material. 

23. A granulated prodisct-making method as recited in 
any one of claims 1 to 18. wherein sakJ powder is a 
feed material. . . 

24. A granulated product-making method as recited in 
any one of claims 1 to 1 8, wherein said powder is a 
coloring material. 

25. A granulated product-makng method as redted in 
any one of claims 1 to 1 8. wherein said powder is a 
material for agricultural chemicals. 



26. A granulated prpdiK^t-makirg method as redted in 
■45 > any one of cIainris-1 to-i18. vyheiein «idpp\A^^^ a;- : k^r^:^^r?' 

i.: cosmeti c mat eriaL;,-io*:: ,^'-7j:^'t -^^^^^^w ^r>^ci^p^ ':^y^^^^^>i<^ 
-. •?^*:.''' ' 0-:.;-" •* ' •v-";v^;%rJ^ ^^^J-^'^^r^ -^ p^f'^^t? ■^•b.^^\f^'^'rji^'i<*'^:i 

-y 27, A granidated product-mater^.tmethod as redted in • , .: a. ^ ^^ v 
any one of dalrns1: to 48. wherein said powder is . 
50 . . an enzyme-coritainmg nr)aterial^^4f:- ^ rr- . /' 

. 28. A granulated, product-makingtnitethodrasrri^^ t 
any one of claims 1 to 18, witfereEin<,said:powder is a 
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40 



55 



' .surfiactant.n!iate 

29. A granulated product-maldng; method . as^redted in : 
any one of clains 1 to 18,*Whereirvsaid powder is a 
semiconductor mafeerial^-^-'^; • v» <r-: \x. . - . . ^ 
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30. A granulated product-making method as recited in 
any one of claims 1 to 18. wheran said powder is a 
metal material. 



70 
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31 A granulated product-making method as recited in 
any one of claims 1 to 1 8. wherein said powder is a 
multi-capsulated material. 

32 A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
cermet material. 

33. A granulated product-making method as recited in 
any one.of claims 1 to 18. wherein said powder is a 
paint coating material. 

34. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
filtering material. 

35. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
heat-insulating material. 

36. A granulated product-making method as recited in 
any one of claims 1 to 1 8. wherein said powder is a 
sound-absorbing material. 

37. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is 
an electric wave-absorbing material, 

38. A granulated product-making method as recited in 
any one of claims 1 to 1 8. wherein said powder is a 
light-absorbing material. 

. 39. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
reflecting material. 

40. A granulated product-making method as recited in 
any one of claims 1 to 1 8. wherein said powder is a^ 
signposting niaterial. • 

41 A granulated product-making .method as recitej- in . 
any one of claims 1 to 18, wher^n said powder iss 
- ball bearing material. • . : • - ' 

42. A granulated product-making method as recited^ia 
any one of claims 1 to 18. wherein said powder is a' 
bio-reactor material. . 

. . •» • - 

43. A granulated product-making method as recited in 
any one of claims 1 to 1 8. wherein said poywler i$.^ 
far infrared ray-radiating material. 

44. A granulated product-making method as recited in 
any one of cteums 1 to 18. wherein said powder fe; 



an electric heating nr\aterial. 

45. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 

5 lightweight aggregate material. 

46. A granulated product-making method as recited in 
any one of claims 1 to 1 8. wherein sad powder is a 
material for ball games. 

47. A granulated product-making method as recited in 
- any one of claims l to 18. wherein said powder is a 

de-humid'rfying material. . 

48. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
furnace material. 

49. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
material for engine room walls. 

50. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 

25 material for gas turtiine room walls. 

51. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
lining material. 



30 ' ^ ■ 

52. A granulated product-making method as recited in 
any one of claims 1 to 18, wherein said powder is a 
material for vent holes. 

53. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
soil material. 

54. A granulated product-making method as recited in 
any one of claims 1 to 1 8. wherein said powder is a 
bio-material or a bio-ceramic material. 

55. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder ts a 

45 i material lor slopes; " ^ v m . • - ? 

56- A granrfated product-making method redted in 
. . any oh^ of daims 1 to 18i wherein said powder is 
- an apatite material. ■ ^ 
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57. A grHniiated prodiKS-making method as redted in 
3.. anyoneofclaimsttolS. Wherein said powder isa 
: fnaterial having delayed actiori- j^^ 

: 58. A graniialed product-making method as recited in 
' . any oneof claims 1 to 18, wherein said powder is a 

. : plastic material. 
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59. A granulated product-making method as recited in 
any one of claims 1 to 18, wherein said powder is a 
photosensitive material. 

60. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
hydrogen occluding material. 

61. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
material for musical instruments. • 

62. A granulated product-making method as recited in 
any one of ciairns i to 18. wherein said powder Ms 
an acoustic or speaker material. 

63. A granulated product-making method as recited in 
any one of claims 1 to 18, wherein said powder is 
an ozone-decomposing material. 

64. A granulated product-making method as recited in 
any one of claims 1 to 18, wherein said powder is a 
porcelain enamel material. 



an ultraf ine particle material. 

74. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 

5 permanent magnet material. 

75. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
shape-memory material. 

10 • . 

76. A method of makir^ an agglomerate comprising a 
multiplicity of granulated products that are agglom- 
erated and bound together, characterized in that a 
multiplicity of discrete granulated products^obtained 

15 by the method recited in any one of< claims 1 to 75 
are agglomerated and bound together into an 
agglomerate. 

77. A method of making a sintered agglomerate, char- 
20 acterized in that a multiplicity of discrete granulated 

products obtained by the method recited in any one 
of claims 1 to 75 are sintered into a sintered 
agglomerate. 



65. A granulated product-making method as recited in 
any one of claims 1 to 1 8. wherein said powder is a 
glazing material. 

66. A granulated product-making method as recited in 
any one of claims 1 to 18, wherein said powder is 
an aerospace material. 

67. A granulated product-making method as recited In 
any one of claims 1 to 1 8. wherein said powder is a 
material for solar furnaces. 

68. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is 
an artificial dental material. 

69. A granulated product-making method as recited in 
any one of claims 1 to 18. wherein said powder is a 
tile material. - . - V -A 

70. vAcgranulat^d product^niaking' methbd 

_ 'Vany one^ dainris-l td.18/wherein saidipiwdepns/a^ 

>^f^'|iigment'rTiateria!/i :mV' ^ ."^^i^'^^^^^^i-H,:^' v^vv;: 

71. A graruiiated product-making method as recited in 
: any one^pf daims'l-tb 18;. wherein said powderjs a 

• fillerthiateria!. ' " ■ 

72. A granulated product-making method as recited in 



.25 78. 
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^any-one of dairhs 1 to 18. wherein said powder is a 
main adhesive cornponent material. ^ ' 

A granulated product-making method as recited in 
any one of claims V to 18, wherein said powder is 
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A granulated product-making method as recited in 
any one of claims l to 18. wherein a plurality of dif- 
ferent layers are coated on a granulated product to 
obtain a granulated product conrprising a spherical, 
muttilayered solid shell. 

An agglomerate-making method, characterized in 
that a multiplicity of discrete granulated products as 
recited in daim 78 are agglomerated and bound 
together into an agglomerate. 

A sintered agglomerate-making method, character- 
ized in that a multiplicity of discrete granulated 
products as recited in claim 78 .are agglomerated 
and bound together into a sintered agglomerate. 

A granulated product-making rnethod as recited in 
■ claims 1 to 80. wherein said granulated product is 
at least one member selected from.the group con-, 
sisting of (1) a pharmaceutical substance, (2) a fer- 
tilizer; (3)^ foodstuff/ (4)^;Cenrtent.< (5).:^^^ 
^coloring material. (7)-agricuitorabchemi9^ 
cosmetic rnaterial; (9)'ah?enzynie^cprrta 
riM. (10) a surfactant, (^fl j a serhioorKJuqjtor. (12):a 
metal, (1 3) -a :multi-caipsulatediSt^ucture.*U 
meti (15).a.paint coating materfalii(16>Kdjfiltering 
material. (17) a . heatHnsulating- material. (18) a 
sound-abs»rbing material. (,1 9) .tan; electric wave^ 
absort)ing material. (20) a lightrabspibing ^material.. 
(21) ardlecting material; (22) ;afSiOT>osting mate- 
rial. (23) a ball bearing. (24) a bio-reactor.'.(2S) a far 
infrared ray-radiating material. (26) an electric heat- 
ing material, (27) a light-weight'aggregate. ,(28) a 
material for baill games. (29) ade-huiTddifying mate- 
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rial (30) a furnace material. (31) a material for 
engine room walls. (32) a material for gas turbine 
room walls. (33) a lining material. (34) a material for 
vent holes. (35) a soil material. (36) a bio-material 
or bio-ceramics. (37) a material for slopes. (38) an 
apatite material. (39) a material having delayed 
action. (40) a plastic material, (41) a photosensitive 
material. (42) an hydrogen occluding material. (43) 
a material for musical instruments. (44) an acoustic 
rrjaterial, (45) an ozone<iecomposing material. (46) 
a porcelain enamel material, (47) a glazing mate- 
rial (48) an aerospace material. (49) a solar fur- 
nace material, (50) an artHidal dental matenal. (51) 
a tile material. (52) a pigment, (53) a filler material, 
(54) a main adhesive component material, (55) an 
uttrafine particle material. (56) a permanent magnet 
material, and (57) a shape-memory material. 

82 A method of making a granulated product as recited 
In any one of claims 1 to 81 . characterized by allow- 
ing a polymer partde having high water absorption 
properties to be swollen by absorption of water 
therein, depoating a first poviKler layer on a surface 
of said polymer particle. d^XJSiting one or more 
powder layers on said first po««ler layer, and drying 
a multilayered structure to obtain a granulated 
spherical product of the multilayered structure hav- 
ing a spherical space therein. 

83 A method of making a granulated product as recited 
in any one of claims 1 to 81 . characterized by allow- 
ing a polymer partide having high water absorption 
properties to be swollen by absorption of water 
therein, depositing a first powder layer on a surface 
of said polymer particle, d^xsiting one or more 
powder layers on said first powder layer, and drying 
and firing a multilayered structure to obtain a gran- 
ulated spherical product of the multilayered struc- 
ture having a spherical space therein. 

84 A granulated product-making method as recited in 
claims 1 to 83, characterized by depositing a pow- 
der mixture comprising two or more different pow- 
ders on a surface of a polymer particle having high 
V watBE absorption properties, said polymer parfide 
being- swollen *y absorption of water therein, fol- 
- 4owe* by, drying, thereby.obtaining a granulated 
• " product'comprising a spherical soUd shell that is 
. formed by binding said d^erent powders together 
' and has a spherical space ther^n. 

85. A graiauMed product-making methoD as recited in 
claims 1 io S3.-characterized by depositing a pow- 
der mixtiffe^comprisinia two or more different pow- 
ders on a surface of a polynrwr partide having high 
water absorption properties, said polymer partide 
being swoUen by absorption of water theran. fol- 
lowed ty drying and firing, thereby obtaining a 



granulated product comprising a sphencal solid 
shell that is formed by binding said different pow- 
ders together and has a spherical space therein. 

5 86 A granulated product-making method as redted in 
any one of claims 1 to 85. characterized by depos- 
iting a binder on a surface of a polymer particle hav- 
ing high water absorption properties, said polymer 
partide being swollen by absorption ol water 
therein, and d^siting a powder on a surface of 
said binder, followed by drying, thereby obtaining a 
granulated product comprising a spherical solid 
. shell and having a spherical space therein. 

15 87 A granulated product-making method as recited in 
any one of claims 1 to 85. characterized by depos- 
iting a binder on a surface of a polymer particle hav- 
ing high water absorption properties, said polymer 
particle being swollen by absorption of water 
therein, and deoositing a powder on a surface of 
said binder, followed by drying and firing, thereby 
obtaining a granulated product comprising a spher- 
ical solid shell and having a spherical space 
therein. 
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